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SOME OF THE OUTSTANDING FEATURES 
OF THIS LINE 
Wide choice of operating elements with one to 4 circuits 
each, indicating lights, selector switches, etc. 


Plain Selector 
Pushbutton Switch 


Mushroom Head 
for easy operation 


Latch-Safe Maintained 
Switch Contact 














Padlocking 
Arrangement 
Available 


Ample Wiring 
Space despite 
Small size 


Fitted Flange 
Seal Covers 


























Cutler-Hammer’s New Wide Range Line of Heavy 
Duty Pushbutton Stations offers an Unlimited 


Variety of Functional Combinations 


@ Now Cutler-Hammer offers a new 
line of Heavy Duty Pushbutton Stations 
(NEMA Type 1) for surface mounting and 
for flush mounting. The surface mounting 
enclosures accommodate from 1 te 8 
Cutler-Hammer new unitized pushbuttons; 
the flush mounting constructions accom- 
modate from] to 3 C-H unitized pushbut- 
tons. The line provides the widest selection 
of functions and combinations available 
today and permits these stations to be 
“tailored” to your exact needs. 

Among the many advanced 
engineering features are the 
following: one to 4 circuits for 


each pushbutton; wide variety of opera- 
tors; big buttons for gloved-hand opera- 
tion; projecting shatterproof color caps 
for 180° visibility; fitted “flange-seal” 
covers for extra sturdy and tight enclo- 
sure;rugged yet light weight construction; 
ample internal free space for easy wiring 
despite small size; no sharp corners oF 
edges; excellent appearance; optional 
vadlocking feature. Stations may be 
mounted horizontally or vertically. Write 

for further details today. CUTLER: 

HAMMER, Inc.,1310 St.Paul Ave.-Mil- 

waukee, Wis. Associate: Canadian 

Cutler-Hammer, Ltd., Toronto, Ont. 


CUTLER°-HAMMER 
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How to 
stop a war 
like that! 








FRICTION can stop anything 

Even a war. 

Especially this war, mechanized as it is to an 
almost incredible degree. 


Take away a certain anti-friction device— 
and the greatest war machine we have ever faced 
would soon grind to a permanent stop. 


Take away anti-friction bearings—and not only 
the tools of war, but the machines which make 
these tools of war would shortly become 

so much scrap. 


UNFORTUNATELY, we are not yet able to do this. 
But in the field of anti-friction bearings—as in other fields 
—we are steadily ouwt-producing our enemies. 


Before bombs dropped at Pearl Harbor, 

NEW DEPARTURE was the world’s largest producer 
of ball bearings ... now it has a major 
responsibility in the ball bearing war program. 


NEW DEPARTURE - DIVISION OF GENERAL MOTORS - BRISTOL, CONNECTICUT 
3187 


Nothing rolls like a ball 


New Depariinre 





THE FORGED TEEL BEARING 
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Design Calculations: Chains, Adv. 16, 26, 52, 94, 187, 251 
Geneva mechanisms, Edit. 157, 158 Chucks, Adv. 83, 223 
; Clutches, Adv. 82, 236, 256 
Design Problems: ’ Controls (cable), Adv. 233 
Bolt failure, Edit. 133, 134 Controls (electrical), Edit. 164, 168; Adv. IFC, 13, 39, 438, 
Ceramic parts in machines, Edit. 120-128 53, 56, 57, 81, 101, 171, 172, 193, 194, 196, 224, 225, 235, 
Drafting standards, Edit. 140 246, 248, 269 
Dynamic symmetry, Edit. 115-117 Counters, Adv. 263 
Metallurgy, alloying elements, Edit. 145-150, 224-228 Couplings, Adv. 50, 243 
Springs, ring, Edit. 124-127, 212 Drives, Adv. 22, 23, 60, 89, 90, 91 
Substitute materials, Edit. 128-132, 230 Electric equipment, Edit. 151-153; Adv. 166 
Suverchargers and high-altitude flight, Edit. 135-139, 214- Electrical accessories, Edit. 166; Adv. 4, 11, 255, 271 
222 Engines, Edit. 135-139, 214-222; 208; Adv. 192, 210 
Tachometers, Edit. 151-153 Fastenings, Edit. 133, 134, 168, 176, 178, 180; Adv. 1, 12. 
Wheels and casters, Edit. 141-144 59, 68, 72, 84, 111, 174, 190, 216, 228, 229, 252, 259, 272 
Finishes: Filters, Adv. 34, 35 
inishes: 
; Fittings, Edit. 178, 184; Adv. 33, 162, 180, 222, 260 
Insulating, Edit. 164; Adv. 264 Forgings, Adv. 10, 77, 96, 259, 267 
Lacquers, Adv. 106 Gears, Edit. 160; Adv. 47, 62, 110, 220, 244, 245, 246, 254, 


258, 267 


Management and Equipment: 
Governors, Edit. 118; Adv. 80 


Engineering department, Edit. 140, 184; Adv. 20, 25, 75, ose ee 
79, 185, 191, 195, 218, 227, 230, 244, 248, 252, 268, 270 Hose, Adv. 175, 206, 254 
Hydraulic equipment, Adv. 7, 15, 17, 113, 179, 182, 188, 208, 
Materials: 238, 255 
Alloys (magnesium), Adv. 197 Instruments, Edit. 196 
Alloys (nickel), Adv. 21, 163 Lights, Edit. 174 
Alloys (steel), Edit. 145-150, 224-228: Adv. 6, 18, 19, 107, Lubrication and lubricating equipment, Adv. 29, 98, 212, 
207 262 
Bimetal, Adv. 229, 253 Metal parts, Adv. 63, 202, 242 


Motors, Edit. 176; Adv. 28, 49, 58, 65, 67, 73, 74, 85, 95, 
99, 105, 214, 217, 234, 243, 250, 266, IBC 

Mountings (rubber), Adv. 6] 

Plastic moldings, Adv. 209 

Pneumatic equipment, Adv. 78, 218, 231, 241 

Pulleys, sheaves, Edit. 164 


Bronze, Adv. 69, 160 
Ceramics, Edit. 120-123 
Felt, Adv. 54, 203 
Glass, Adv. 76 

Indium, Adv. 184 
Insulation, Adv. 226 


Molybdenum, Adv. 169 roam Le 170; Adv. 168, 230, 233, 236, 252, 255, 256, 
a a a a 259, 2 
ae ot ag Ig ee eno Sen Seals, packings, Adv. 2, 30, 31, 87, 165, 215 
Rubber and synthetics, Edit. 170, 174; Adv. 14, 24 Shafts (flexible), Adv. 42, 262 
synthetics, Edit. 170, 174; ' ; 
Steel. Adv. 205 Sheet metal parts, Adv. 100, 204 
Zinc, Adv. 167 Speed reducers, Adv. 189, 249, 250 
Springs, Edit. 124-127, 212; Adv. 41, 88, 102, 108, 235 
Mechanisms: 243, 248, 254, 256 
Driving, Edit. 198 Tanks, Adv. 70 
Indexing, Edit. 157, 158, 194 Transmissions, Adv. 177, 178, 244, 267 
; . Tubing, Adv. 104, 257 
main Valves, Edit. 182; Adv. 114 
Balls, Adv. 260 Welded parts and equipment, Adv. 11, 198, 200, 237 
Bearings, Adv. 4. 32 40. 44. 71, 159, 161, 173,. 176, 181, Wheels, Edit. 141-144; Adv. 250 


186, 219, 221, 247, BC 





Belts, Edit. 119, 180; Adv. 37, 97 Production: 

Brushes, Edit. 118; Adv. 266 Gaging, Adv. 220, 246 
Cams, Adv. 228 Hardening, Adv. 199 
Carbon parts, Adv. 45 Sand blasting, Adv. 264 
Cast parts, Edit. 119; Adv. 36, 48, 51, 66, 86, 103, 232 Tools, Adv. 109, 170 
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Applications 





Fuel Pump and 
Tachometer Drives 





Boring bars up to 6 inches in 
diameter and up to 12 ft. long. 


Wherever steel parts must rally utmost resistance to abra- specific advice. New Booklets: “Hardness” and “‘Nitriding 
sion, Nitrided Nitralloy offers unequalled advantages. So Furnaces” will be sent on request. 

hard is the Nitrided case that it takes special testing methods ) NITRIDING is the process of case hardening certain 
to indicate its 850 to 1200 diamond Brinell hardness. alloy steels by means of a nitrogenous medium, such as 
Nitrided Nitralloy greatly extends the life of machine parts ammonia gas. The alloy steels that are most suitable for 
subject to friction under the most adverse conditions, even Nitriding are known as NITRALLOY. 


under faulty lubrication, and temperatures as high as 
1000° F. In resisting fatigue due to repeated stresses, 
Nitrided Nitralloy displays notable endurance—A result of 
the properties of Nitralloy steels and the effect on them of 
the Nitriding process. These properties of Nitrided Nitral- 
loy explain its power to extend the useful life of machinery, 











Some of the wide variety of applications for 
which NITRIDED NITRALLOY steels excel: 





thus saving steel, conserving plant capacity and manpower. aon silscomguaaa a pperckenngy 
BEARINGS GEARS SHAFTS 
Today, of course, the available supply of Nitralloy is BUSHINGS GUIDES TAPPETS 
used for war equipment parts where nothing else will CAMS KING PINS TIE ROD BOLTS 
match it—as in aircraft engine and tank parts. Its future CONNECTING RODS NEEDLE VALVES WORMS 










CRANK SHAFTS PIVOTS WRIST PINS 





is in serving your post-war requirements. Write to us, or 
any of the Companies listed below, for technical data and 


THE NITRALLOY CORPORATION 


230 PARK AVENUE + NEW YORK, N. Y. 


Companies Licensed by Operating & Accredited Nitriding Agents Wesley Steel Treating Co........+++- Milwaukee, Wis 
The Nitralloy Corporation Sears® Camden, N.J. N. A. Woodworth Co.....cccccscccees Ferndale, 
Allegheny Ludlum Steel Corp......... Wotervliet, N. Y. Commercial Steel Treating Corp.......... Detroit, Mich. Ontario Research Foundation. . Toronto, Ontario, Co 
Seer SIN GO cos oho cecwcssosees Bethlehem, Pa. Engelhard & Kenny............. North Arlington, N. J. 
Copperweld Steel Co..........ceeee cence Warren, O. The Lakeside Steel Improvement Co....... Cleveland, O. 4 
Crucible Steel Co. of America........ New York, N. Y. Lindberg Steel Treating Co............... Chicago, Ill. Manufacturers of Nitralloy Stee! Castings Po 
Firth-Sterling Steel Co... .....-2eeeee- McKeesport, Pa. ce ete ce Oe fen rrr Philadelphia, Pa. Lebanon Steel Foundry... ....seseeeeere Lebanon, Pe 
Republic Steel Corporation. ........+.+-- Cleveland, O. ek a OR AS IE er ee Philadelphia, Pa. Empire Steel Castings Co... ...+eeeeeeees Reading, 0. 
The Timken Roller Bearing Co..........-.-- Canton, O. New England Metallurgical Corp......... Boston, Mass. The Massillon Steel Casting Co.....+++++ Massillon, Y- 
Rotary Electric Steel Co...........+0---- Detroit, Mich. Pittsburgh Commercial Heat Treating Co... Pittsburgh, Fa. Milwaukee Steel Foundry Div., - Wis. 
Vanadium-Alloys Steel Co.........--++-- Pittsburgh, Pa. Queen City Steel Treating Co...........- Cincinnati, O. Grede Foundries, Inc.......sseeeee Milwaukee, 
Atlas Steel Limited. ........++e+000- Welland, Ontario tle a ee Oe eee er ere Lansdale, Pa. Warman Steel Casting Co.......+ «Los Angeles, 
@ 4136 
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THEY’RE THE NUTS FOR 
POSTWAR PLANNING 


ie true that now we can’t supply all the Elastic 
Stop Nuts Uncle Sam wants — even with three 
big plants running 24 hours a day. 


It’s true that Elastic Stop Nuts are flying in every 
American plane —sometimes 50,000 of them in 
a single ship. 
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It’s true they’re on tanks, guns, naval 
vessels and production equipment—more 
than all other lock nuts combined. 


This is because these nuts stay put. There’s a 
red elastic locking ring in the top which grips 
the bolt with an oil- and water-proof seal and 
eliminates all axial play and wobbling. 


When the war’s won, the millions of Elastic Stop 
Nuts we’re pouring out each day can be turned 
to the fastening problems of peace. 


They can be turned to producing better products 
and equipment that will save time and expense 
for maintenance engineers. 


Whatever your fastening problems might be, our 
engineers, experienced in the work of both war 
and peace, will be glad to help cope with them. 


Feel free to call upon them. They'll work with 
you and suggest the proper Elastic Stop Nut to 
lick the job. 


LOCKED on bolt SEALED at 
by the action top to protect 
of the gripping working threads 







red collar from corrosion 
oe et aon om ae a a 
HOLDS nut 
thread against FITS any stand- 
bolt thread ard bolt. Made 
a prevents in all sizes 
axial play and types 


ELASTIC STOP NUTS 


Lock fast to make things last 





ELASTIC STOP NuT CORPORATION OF AMERICA 


Union, New Jersey and Lincoln, Nebraska 
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EXPLODED met- 
al bubbles to facilitate 
bonding on hard met- 
al surfaces, especial- 
ly those which can- 
not be roughened by 
grit blasting or cut- 
ting methods, are be- 
ing produced by 
sparking a nickel al- 
loy electrode over the 
surface. The elec- 
trode heats up by its 
own resistance and 
explodes into a foam 
like frozen soap bub- 
bles fused to the base 
metal. The resulting rough, porous surface is ideal for 
bonding a sprayed metal coating. 


AIR CONDITIONING for submarines—both cool- 
ing and reversed refrigeration cycles together with air- 
purifying chemicals—is making life more pleasant for 
the crew. Members can even smoke aboard, a priv- 
ilege unheard of during World War I. During arctic 
tours the refrigerating system may be run backward to 
heat the craft. 


PRODUCTION of synthetic rubber has been expe- 
dited by locating three plants side by side—a Dow 
styrene, a Shell butadiene and a Goodyear-Firestone 
synthetic crepe rubber plant. Styrene and butadiene 
are pumped from their respective plants to the “crude” 
plant effecting a continuous process between the three. 


STANDARDS for truncated Whitworth screw 
threads are being established by the recently formed 
War committee organized by the American Standards 
association at the request of the War Production Board 
to remove difficulties experienced in this country in 
the manufacture and maintenance of taps, dies and 
gages of British-made Whitworth threads. 


SYNTHETIC JEWEL, known as “spinel”, has been 
classified as a jewel bearing material by WPB. Suit- 
able for use in delicate instruments or where sapphires 
have been used as bearings, spinel under this ruling 
ceases to be known as a “substitute” as formerly. 


PORTABLE sectional pipe lines, readily movable for 
installation over difficult terrain to carry gasoline sup- 
plies to motorized units in the field, have been de- 
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veloped by the Army, 
Complete with cen- 
trifugal pump and 2U. 
horsepower gasoline 
engine, each section 
is a_ self-contained 
unit and capable of 
handling 200 gallons 
per minute. 


ZEBRA MARK. 
INGS of black and 
white stripes are util- 
ized on the new 
Hawker Typhoon, 
Britain’s most formid- 
able _ single - engined 
fighter, because of the resemblance between it and the 
new Focke-Wulf Fw190. The markings on the under 
surface of the wings reduce the risk of the fighters be- 
ing mistaken by ground gunners. 


SMALL REPEATER TUBES are being developed 
by Bell laboratories that may be incorporated within 
a cable and treated as part of it when reeled off the 
drum. This development, a pentode tube with an in- 
directly heated nickel cathode, will make transoceanic 
telephone cables a practical possibility. Telephone 
calls now are really transmitted across the ocean by 
radio. 


AMERIPOL derivative compound has produced a 
synthetic rubber compound that will remain flexible at 
—70 degrees Fahr. and can be bent at an angle of 90 
degrees around a %-inch rod. The new compound is 
being used for sealing strips in bolted tanks for stor- 
age of high octane gas and aromatic fuels used in mili- 
tary aircraft. 


COMPRESSOR HORSEPOWER built by the United 
States since Pearl Harbor is believed by authorities to 
have an important bearing on our enemies’ reluctance 
to carry out their poison-gas threats. Compressors 
built for common gases can be diverted easily to 
poison-gas production. 


GOODS which went into homes the year before the 
war used the following proportions of the total year's 
output of materials: Aluminum, 22 per cent; copper 
and brass, 19 per cent each; zinc, 20 per cent; tin, 23 
per cent; steel, 30 per cent; nickel, 16 per cent and 
chromium, 15 per cent. Now these are replaced large- 
ly by substitutes in available consumer goods. 
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IACHINE DESISH 


The Shep 


N TIME of war, does every- 
body lose? Did not the great- 
est industrial era in the devel- 

opment of our nation follow the 
World War? Let us hope that 
some such benefit will follow our 
present struggles and that the 
progress made in destruction will 
help toward the reconstruction of a 
still better world. Surely the in- 
centive for intensive engineering 
ing development has never been 
greater. This war of engineering has brought new mate- 
tials, new methods and a new approach to machine de- 
sign. Economics of the use of materials in manufactur- 
ing processes has compelled a functional type of design 
that is sound because of its basic simplicity. Function 
replaces ornament “for the duration” and, let us also 
hope, for the next decade of machine design. 

Just as modern industrial machinery has been in- 
fluenced by the styling of automobiles and household 
appliances, these very items of the postwar era may well 
utilize soundness of design found in machine tools and 
tanks. The design period for the coming world is now 
at hand, Engineers are thinking ahead, planning to use 
our new riches in materials and techniques for the im- 
provement of the machines for peacetime living. 

Machine designers have always been style conscious. 
There have been good and bad designs, but they have 
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Part | of a series of three articles 
dealing with design of the future 
from the appearance standpoint 


By R. S. Elberty 


Consulting Engineer 


been designs—the attempt had been made. The de- 
signer can however, utilize a knowledge of basic design 
principles to plan his machine, knowing that the result 
will be better than a haphazard grouping of elements. 
The word “symmetry” used in the sense of analogy signi- 
fies the relationship which the composing elements of 
form in design (or in natural growth) bear to the whole. 
In design it is that quality which governs the just balance 
of variety to effect unity in appearance, illustrated aptly 
in Figs. 1 and 9. 

There are two types of symmetry found in natural 
growth, arithmetic or static and geometric or dynamic. 
In the field of art, static symmetry is the obvious and 
therefore the common basis of design. Chinese, Japanese, 
Persian, Hindu, Byzantine, and Gothic art all belong to 
the static classification of symmetry. A different classifi- 
cation of design started with the Egyptians and reached 
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Fig. 1—Grinder design employs the principles of dynamic 
symmetry. It embodies the same proportions for head- 
stock and other parts to integrate appearance 


a high stage of perfection in Greek art. This superior 
design basis is geometrical in nature and is called “dyna- 
mic symmetry”. The Greeks excelled in the fields of art 
and geometry and they combined the two to good effect. 
It is no coincidence that the Parthenon is dimensioned 
with true geometrical ratios, the errors being less than 
one per cent. The principles of dynamic symmetry are 
simple and easily grasped by the engineering or mathe- 
matical mind, but it is small wonder that artists them- 
selves have difficulty in understanding these values. 

There are points in common between static and dyna- 
mic symmetry, in fact static symmetry has been described 
as a special limited case of dynamic symmetry. For exam- 
ple, a square is a special form of rectangle, both arithme- 
tical and geometrical in nature. So a square may be select- 
ed for the starting point, a foundation for the study of dy- 
namic symmetry, Fig. 2 being selected as a unit square. 
metrical construction is shown in Fig. 3. 





which is the basis of 


| Fig. 2 — Unit square 
| dynamic symmetry 











+ , __+| 


Another square erected on the diagonal of the unity 
square will have an area of two, the length of one side 
being \/2. A rectangle can now be constructed, the 
short side = 1, the long side — \/2. This simple-root 
rectangle is called the “root 2 rectangle” and its geo- 

A square erected on the diagonal of a root 2 rectangle 
will have an area of (1)?+ (\/2)?=8 and one side will 
be equal to \/3. A rectangle, one side of which — 1 
and the long side of which = \/3, will be the root 3 
rectangle. The construction is shown in Fig. 4. And so 
a root 4 rectangle may be developed using similar con- 


struction. However a root 4 rectangle is also an arith- 
metic rectangle because it can be constructed by adding 


2 squares, since \/4—=2. The root 5 rectangle may be 
constructed from a root 4 as shown in Fig. 5. 

Both the root 4 and the root 5 rectangles are important, 
the root 4 because of its close relationship to static sym- 
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complex rectangles to be discussed later. 


metry, and the root 5 because of its relationship jn ¢, 


There is po 


reason why the system cannot be expanded, but simple. 
root-rectangles longer than the root 5 are usually not cop. 
sidered. Perhaps this is because longer rectangles are 
harder to estimate by eye. Longer shapes, however, are 
necessary in machine design and there is nothing to pre. 
vent the designer from using root 6, and root 7 an 


longer rectangles if he so desires. 


If the longest side of a rectangle is considered as unity 
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\ Fig. 3—Simple-root rec- 
\ tangle having diagonal 
square for 
length of side 


the short side becomes less than unity. These rectangles, 
however, are similar to the root rectangles and the sides 
are in mean and extreme proportion which may be ex- 


pressed generally in the algebraic equation 


V/N:1=1:1/N. 


These smaller rectangles are known as “reciprocal rec- 
tangles” which might be written root 1/2, root 1/3, ete, 
the expression root 1/2 meaning reciprocal root 2. Such 
rectangles may be constructed as before, but an alterna 
tive method of construction will show many interesting 














relationships. Referring to Fig. 6, an arc centered on one 
7 — 
{ oN 
| a 
Fig. 4—Root 3 rec- / wo ! 7 
tangle having diagonal a ' 
of Fig. 2 for one side at 
-—/ 4 
e 
TI 





corner of the square is described in the square as shown. 
At the intersection of this arc with the diagonal, a line 
is drawn perpendicular to the base of the square: 


(AC)=1=+/ (CB)*+(AB)? and (CB)=(AB) 


Therefore 


4 1 
(AB)=\> = — 


/ 


V2 





The construction shown in Fig. 7 is used to construct 
the root 1/3 from the root 1/2, the proof of the cor 


struction being, 


| 
2 (AE):(AD )(AB)( AC), (AB)=—, 
‘ Ve 
[a va 
—~@1+—= —, (AD)=1 
Therefore 
1 v2 1 
(AE)=—_X — = —_ 
V2 V3 v3 
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root 4 rectangle for side 
1 F ~~ 


The remaining reciprocal rectangles may be constructed 
similarly, Fig. 8 showing the construction of the root 1/5 


rectangle from the root 1/4. Since 1/\/4 = %, the 
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Mie. 7 ; 

| 16 | 

Fig. 6—Reciprocal root / # \ 
2 rectangle is de- | é \ 
veloped as shown I o } 





root 1/4 can be readilv constructed by dividing a square 
into two equal rectangles, 

At first thought, the reciprocal-root rectangles offer no 
advance in design technique over the simple-root rectan- 
gles, since they are similar in shape. However, this is 
the one special similar rectangle that is used in the divi- 
sion of rectangles and in the application of dynamic sym- 
metry to three-dimensional design. Many designs of ul- 
timate complexity may be produced by the division of 
rectangles and reciprocals or the combination of rectan- 
gles and reciprocals. 

A complement rectangle is that which added to the 
original will again form a square. In this case, the term 
complement implies a balancing of the areas. A reference 
to Figs. 6, 7, and 8, will show the relation of these com- 
plement rectangles to the original reciprocal-root rectan- 
gles, the length of the complementary sides being 
1—1/\/2, 1—1/\/3 and 1—1/ \/5 for the complements of 
the root 1/2, root 1/3, and root 1/5 rectangles, respec- 
tively. The complementary sides of the root 2, root 3, 
and root 5 rectangles will in like manner be equal to 
V2—1, \/3—1, and \/5—1 respectively. From the 
similarity of the figures, a general statement might be 
made that the complement root N is similar to the com- 
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Fig. 7—Reciprocal root 
3 rectangle 








ar— + 
~ 
x 
XN 
x 
ro---- 
- 
Lees 





E 
#5 
eS ye- 
plement root 1/N, but it should be noted that the com- 
plement of a reciprocal is not the reciprocal of a com- 
plement. The complement is also important in the forma- 
tion of complex rectangles. 

Basic rectangles consist of the square, the root rectan- 
gles, the reciprocal root rectangles and the complement 
rectangles. These form a foundation for the develop- 
ment of dynamic symmetry as a basis of design and, in 
themselves, offer a rich field for the machine designer 
to build on. 

The late Jay Hambidge discovered and used dynamic 
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symmetry to do research work in the analysis of Greek 
and Egyptian art, and the resulting findings bring back 
to us knowledge of design that had been forgotten and 
lost. In the work of analysis, Mr. Hambidge encountered 
a far more difficult problem than that of design. He 
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Fig. 8—Reciprocal root 
5 rectangle developed 
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/| y \ from half-square, the 
/ \ latter being a_ *re- 
/ ' ‘ ciprocal root 4 as well 
aa. as being an arithmetic 
7 vB. | ing iri i 
Fi proportion 


therefore resorted to arithmetical terms to assist him in 
making and comparing measurements. These numbers 
tend to confuse the understanding of the theory by mixing 
arithmetic into a study more easily grasped by the under- 
standing of geometry. However, the values are shown 


Dimensions of Basic Rectangles® 


(Based on unit square) 


Root Simple-Root-Rectangles Reciprocal-Root Rectangles 
No. Basic Complement® Basic Complement 
Square 1.000 0 1.000 0 
2 1.414 .414 -707 .293 
3 1.732 -732 577 423 
4 2.000 1.000 .500 500 
5 2.236 1.236 447 553 


*Dimension of second side is unity except for the complement of the 
simple-root rectangle. This complement has for this dimension the 
simple-root rectangle side as tabulated. 


in the above tabulation; they were useful in analysis, 
they are used by many artists, so they may be of value 
to machine designers. 

Design of the Landis grinding machine, Figs. 1 and 9 
is based on the root 3 rectangle shown in Fig. 4. Various 
parts of the machine also use the root 3 relationship, the 
shape of the machine being repeated in the bed door and 
headstock as shown in Fig. 1. 

The appearance of this large and complex machine tool 
has been determined mainly by the functional design. It 
illustrates how styling by means of dynamic symmetry 
provides unity to the design without conflicting in any 
way with these functional requirements. 

(Continued in next issue) 


x) §& 


Fig. 9—Rear view of grinder shown in Fig. 1 illustrates 
the root 3 rectangle in its basic shape 
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WIRE brushing 
wheel, left, has 
relieved a bad bottle- 


neck in construction 
of General Sherman 







































tanks. These wheels | 
have eliminated a : 
costly hand operation ; 
in the construction of tractor treads by cleaning out the rubber that 
flows into the end holes when the rubber is vulcanized to the metal. P 
Strong adherence of the rubber complicated the hand operation. ‘ 
The Osborn Manufacturing Co. devised the wire wheel with a 
diameter equal to the inside diameter of the end holes so that, 
with the brush mounted on a grinding head, the holes can be 
quickly cleaned in a second or less. Containing .014-inch diameter 
Engine synchronization { or steel wire, the brush is coarse enough to remove the rubber but 
multiengine warplanes is facilitated not hard enough to mar the metal. 
by the development of a small alter- 
nator for mounting on each engine 
all of which are pilot-controlled from a single knob. Wright propeller division, is shown at left inspect- 
George W. Brady, chief engineer of the Curtiss- ing the installation of one of these units. By utiliz- 
ing the alternating-cur- 
rent principle, mechanical 
connections generally re- 
guired with individual 
constant-speed governors te 
have been eliminated. m 
Also, being far simpler, le 
the unit compares favor- T 
ably from weight and cost D 
standpoints. . 
Ir 
ir 
b 
Corrugated belt con tr 
veyors are useful in proc C 
essing machines where 
is desired to provide pos- 
itive feed, equal spacing 
or separation of articles fe 
being manufactured. In te 
the electrode coating tn 
machine, designed by fc 
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the Mosio Machinery 
Co., the rod conveyor, 
right, transfers coated 
electrodes from an extru- 
sion coating unit to a 
brushing machine which 
removes one inch of the 
coated flux from one end 
of the rod. To assure 
positioning endwise, two 
converging end belts cen- 
ter the rods on the con- 
veyor so that the brush- 
ing operation is uniform. 
The machine illustrated is 
designed to produce 350 
rods a minute. 
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High vacuum is utilized in the 
test unit, above, to reduce the power 
required to drive supercharger impel- 
lers at 20,000 revolutions per minute. 
The terrific centrifugal stresses caused 
by spinning so fast make the alumi- 
num alloy impellers take on a perma- 
nent set and become .003-inch larger 
in diameter. Stress-coat patterns show- 
ing regions and extent of stresses have 
been obtained on these General Elec- 
tric impellers with the surface properly 
coated. 


Simplification in design has ef- 
fected marked economies in the Gor- 
fon etching machine, right. Earlier 
models utilized a complicated casting 
for the machine head which could be 
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used both for the electric etcher and 
the engraving machine by assembling 
different units on the head. Standardiz- 
ing in this way saved the costs of extra 
patterns and held inventory stocks to 
a minimum, as well as permitted users 
to convert one machine to another 
readily. A study of redesign possibili 
ties, however, indicated the desirabil 
ity for simplification of the etcher unit 
—even at the expense of standardiza- 
tion — resulting in reduced cost and 
material saving. The new machine, be- 
ing a single-purpose model, is neater 
in appearance through the elimination 
of mountings not needed. These in 
clude omission of motor bracket and 
engraving-head ears. 
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Case |. 


Rotor 






Fig. 1—Exhauster fan for handling corrosive gases has rotor, 
case, cover, and sleeve of de-aired chemical stoneware 


MONG the few engineering materials listed by the 

War Production Board as available in quantities sig- 

nificant enough to enable them to serve as sub- 
stitutes are the ceramics. With densities somewhat less 
than that of aluminum, and specific strengths (strength 
divided by specific gravity) comparing favorably with cast 
iron, engineering grades of ceramic materials resist abra- 
sion, corrosion, heat, moisture and weathering better than 
most metals. In addition, they possess high electrical 
resistance. In the chemical and electrical applications 
for which their characteristics qualify ceramics, mechanical 
strength is generally an essential requirement. There is 
therefore available to the designer a range of specially de- 
veloped materials with proved mechanical properties which 
can successfully replace metals, hard rubber and plastics 
for many machine applications where shock hazards are 
not an important factor. Because of their exceptional re- 
sistance to chemical action of almost any kind they can re- 
place stainless steels and other acid-proof alloys. 

It is the purpose of this article to assist designers in de- 
veloping and specifying ceramic parts for machines. Pre- 
ceding a discussion of the factors which must be consid- 
ered in the design of such parts, the materials available 
and methods of production will be briefly outlined. 

Ceramic parts are formed while in a plastic state by a 
variety of methods which include casting, compression 
molding, injection molding, extrusion and machining. The 
shaped parts are then fired at high temperature after which 
they may be accurately ground if necessary. By choosing 
the proper raw materials a wide range of bodies can be 
produced. While all possess in marked degree the proper- 
ties of chemical resistance, electrical insulation and resis- 
tance to high temperature, actual values can be controlled 
within wide limits. In addition, parts may be made either 
porous or impervious to moisture or may be made resis- 
tant to thermal shock. 

For convenience, ceramic materials suitable for mechani- 
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Ceramic Parts 


in Design 


cal requirements may be roughly classified as stone- 
ware, porcelain and steatite. 1n general, these mate- 
rials need not be regarded as competitive with each 
other because even tor purposes where two or more 
may give equally satisfactory service, the cost of 
manufacture usually determines the selection. Stone- 
ware has been developed primarily for chemical equip- 
ment (Fig. 1) while the porcelains and steatites find 
their principal application as electrical insulators (Fig. 2), 
Typical mechanical properties are listed in Taste I. 
Ceramic materials in general contain three types of con- 
stituents, each having a definite function in developing the 
desired properties in the finished part. These may be 
classified as: (a) Plastic constituents such as clay, (b) 
nonplastic or filler materials such as silica (flint or quartz), 
and (c) fluxes or solvents such as feldspar. At the high 
temperature of firing, which may reach 2300 degrees Fahr., 
thermal dissociation of the clay minerals forms crystalline 
needles of mullite and releases silica which reacts with 
feldspar to form a glass matrix (vitrification) in which the 
crystalline mullite and infusible silica from the initial mix- 
ture are embedded. Control of materials and extent of 
vitrification determine the properties of the finished part. 
For example, white-firing raw materials used in porcelain 
have somewhat lower dry strengths than the clays used in 
stoneware, which limits size of pieces that can be made. 


How Parts May Be Shaped 


After refining, the materials are mixed with water in 
the proper proportion, aged and treated to remove in- 
cluded air from the body, increasing toughness. In shaping 
the part either a wet or dry process may be used. The 
term is relative inasmuch as a certain minimum amount 
of water is necessary to give the clay body sufficient plas- 
ticity for forming, as well as strength for self-suppott 
prior to and during firing. 

In the wet process, as applied to porcelain, the various 
ingredients are mixed with a sufficient quantity of water 0 
result in a fluid mass. In this fluid mass the solid particles 
are completely dispersed so that by agitation it is possible 
to reach complete uniformity. Some of the particles when 
so dispersed are of colloidal size and the resultant liquid 
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mixture, known as “slip”, partakes of some of the proper- 
ties of a colloidal suspension. From this liquid slip, solid 
parts may be shaped by one of two basic methods. 

The liquid slip may be cast directly into plaster of 
paris molds. In this case the moisture is absorbed from 
the slip by the porous plaster of paris, leaving a solidified 
plastic form. After casting, the plastic shape must be re- 
moved from the mold and dried. In the drying operation, 
as the water is driven off there is a volumetric shrinkage in 
the part. If drying is too rapid or nonuniform the differ- 
ential shrinkage will result in warpage or cracks. After 
drying, the piece may be machined if required, glazed, 
and placed in the kiln for firing. In the process of firing an 
additional shrinkage occurs. The glaze is fluxed down to 
produce a uniform glassy surface of the color desired, and 
the body is vitrified. Wet process cast porcelain such as 
this is nonporous, dense and uniform. 


Excess Moisture Is Removed 


The liquid slip may also be reduced to a solid state by 
what may be called plastic working. In this operation the 
slip is pumped into filter presses in which the excess mois- 
ture is removed, leaving the clay in a plastic or putty- 
like state. This material is then run through vacuum pug 
mills in which it is shredded, de-aired and extruded as a 
tight form, the shape depending on the nozzle of the pug 
mill. For solid, round or rectangular pieces, tubes, etc., 
th. product of the pug mill may be used directly without 
further working. In other cases it may be necessary to 
take the pugged clay and press it into shape in plaster of 
paris molds (plunging), or turn it to shape by any one of 
avariety of methods. The plastic part so formed must then 
be dried and after drying can be further machined, glazed, 
etc., and fired in the same manner as cast porcelain. Plas- 
tic porcelain made by the above process also is dense, 
nonporous, and uniform in structure. 

Porcelain may also be prepared by adding to the basic 
constituents only a relatively small amount of water, not 
sufficient to result in a fluid mass. These components are 
then thoroughly agitated together in a dry mixer. In this 
process it is not possible to get as uniform a dispersion of 
the various phases as with the wet process. The average 
particle size in the aggregate tends to be larger, conse- 
quently the dry process body tends to be coarser and less 
wiform in structure. After pressing it may be machined 
if desired, glazed and fired. Dry process porcelain made 
by this method may be slightly more porous and both its 
mechanical and electrical strengths are inferior to those of 
Wet process porcelain. 

Great improvements may be made in the general qual- 
ity of dry process porcelain by the use of vacuum dies, 
high pressures and other refinements. A group of parts 
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TABLE I 
Properties of Typical Ceramic Materials 


Stoneware Porcelain 
Material (Chemical) (Wet Process) 
eM? (IEP oie ccs 55 oka en eie 7,500 7,000 
eee strengeuhn® (psi) ......... 117,000 50,000 
Moduus of Rup.ure® (psi) ....-.......-- 13,000 12,000 
gpeaafic GeRVIRY . 2 ccc cere rnevssrresece 2.3 2.33 
.08 to 2.4 x 10° 3.17 x 10° 




























Porcelain Porcelain Steatite Mica-Glass 

(Dry Process ) (Prestite) (AISiMag 196) (Mycalex) 
3,000 5,000 10,000 5,000- 7,000 
30,000 48,000 85,000 22,000-30,000 
5,000 11,000 22,000 15,000-20,000 
2.28 2.4 3.7 3.44 

3.17 x 10° 3.17 x 10° 3.5 to 4.33 x 10° 4.45 x 10° 


made by such methods is shown in Fig. 2. The term dry 
process porcelain may therefore cover a multitude of dif- 
ferent qualities of material. In general the dry press parts 
are cheaper than wet process, while dimensional tolerances 
may be held closer. 

Stoneware parts are made by machining (plastic or dry) 
by molding and by “turning” (plastic forming on a pot- 
ters wheel). By plastic pressing, utilizing mainly hand 
work, large pieces may be fabricated. Following the shap- 
ing of the part, time must be allowed for drying, large 
pieces requiring a month or more at this stage. Shrink- 
age amounting to as much as 1 inch per foot occurs, mak- 
ing close size and shape tolerances difficult to maintain. 

Steatite parts usually are made from a synthetic blend 
of specially prepared constituents including clay, tale and 
fluxing materials. Parts may be produced on high-speed 
presses or extruded, also may be machined if necessary 
prior to firing. Natural steatite (soapstone), which is a 
massive form of tale, may be machined while in its soft 
natural state, then kiln-fired to a high degree of hardness 
after which further machining is impossible. In such cases 
the shrinkage during firing is relatively small. 

Where close dimensional accuracy is required, surfaces 
of fired ceramic parts may be finished by grinding to 


Fig. 2—Pressure-molded porcelain parts may be produced 
in intricate shapes for mechanical and electrical purposes 
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tolerances as close as 1/10000-inch. By this means, valves 
such as the one shown in Fig. 3 may be made fluid-tight 
against pressure as high as 6V pounds per square incn or 
more. Unground porcelain parts prouuced by the wet 
process can be held to a difterential tolerance of plus or 
minus | /32-inch per inch with a minimum of plus or minus 
1/32-inch for smaller sizes. Since the shrinkage of dry 
pressed porcelain is less than that of wet process porcelain, 
it may be held to closer dimensional tolerances. In this 
case the tolerance is of the order of 1/100-inch per inch. 


Lack of Ductility Important Property 


In the mechanical design of ceramic parts one of the 
most important factors for the designer to bear in mind 
is the lack of ductility of the material. In dealing with 
most metals a slight overstress in the material at some 
particular fiber location results merely in the elongation 
of that fiber and consequent redistribution of the load 
over the section. Ceramics in general do not possess the 
ability to yield and redistribute the load, and for virtually 
all such materials the elastic limit and ultimate strength 
are the same. As soon as any fiber anywhere in the body 
is stressed beyond its elastic limit a fracture or crack 
occurs at that point. If the load persists, the actual unit 
stress in the fibers at the base of the crack may become 
theoretically infinite so that the crack progresses through 
the piece until ultimate fracture results. For this reason 
the method of applying the load to any ceramic part 
is of great importance. Concentrated loads applied at any 
one point are in all cases undesirable. 

So far as is known, ceramics are not subject to fatigue 
as normally understood in metallurgy. The subject has 
not been thoroughly and completely investigated, but with- 
in the limits of practical experience there has never been 
any indication of fatigue failures in such materials. Also, 
there is no evidence of any change in the state or mechani- 
cal properties with age. 

Surfaces of ceramic materials may be either glazed or 
unglazed. The purpose of glaze is usually to improve 
appearance and make surfaces easier to clean. It should 
be noted that inasmuch as most ceramic materials are 
nonporous, glaze is not necessary to insure resistance to 


penetration of moisture. Two types of glaze may be 
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used. Slip glaze is liquid glaze which is applied to th, 
body betore tiring or to ware that has been fired ong 
(biscuit hre) anu is then hred again (glaze tre ). Salt 
glaze used On stoneware is acnieved by tnrowing salt 9, 
the fire at the end of the firing cycle. If the glaze jg 
properly titted to the body it actually increases Strength 

To understand the eftect of glaze on strength it should 
be remembered that ceramic bodies are strong in com. 
pression but relatively weak in tension. Consequent) 
under mechanical loading virtually all failures are of 
a tensile nature. Even tnough a snort cylinder is loaded 
in direct compression, the ultimate fracture is usually , 
tension break occasioned by the hoop tension set up in 
the piece resulting from a compressive deformation. Under 
most loading conditions the maximum fiber stress js de. 
veloped in one of the surfaces. If an initial compressiye 
force can be set up in this surface, then before tractur; 
occurs the resultant unit fiber stress in that surface must 
be sufficient to overcome the initial compression and 
reach the tensile elastic limit of the fiber. 

This is actually accomplished by applying to the piece 
a glaze which has a lower coefficient of expansion than 
the body itself. Consequently in cooling from the 2200- 
degree firing temperature the glaze tends to shrink less 
than does the underlying body. However, since the 
glaze is integrally bonded to the body there can be no 
movement between the two and the glaze is actually 
placed in compression by the shrinkage of the body. The 
degree of increase in strength achieved by the selection 
of the proper glaze varies over a wide range depending 
upon the shape of the body and the nature of loading. 
In some cases the increase in strength achieved by proper 
glazing may be more than 100 per cent. With an improper 
glaze, having a higher coefficient of expansion than the 
body, the mechanical strength of the finished piece maj 
be actually reduced below that of an unglazed body. 

Most of the highly vitrified ceramic materials such as 
porcelain may be readily broken by sudden and extreme 
temperature change. The thermal shock resistance ot 
porcelain is substantially better than that of ordinary glass 
and is of about the same order as that of borosilicate 
glass. In general, almost any reasonable porcelain shape 
will withstand, without failure, immediate immersion 
from boiling water to ice water, or vice versa. However, 


Fig. 3—Stoneware pluz and 
body of lubricated valve are 
ground to an accurate fit 


SecTrion A-A 


MACHINE Desicn—August, 1943 





us 
of 
th 
he 


d to the 
red ON¢e 
>). Salt 
Z salt oy 
glaze jg 
Strength, 
it should 
in com- 
equently 
} are of 
S loaded 
isually 4 
et up in 
1. Under 
S is de. 
ipressive 
fracture 
ice must 
ion and 


he piece 
on than 
e 2200. 
ink less 
nce the 
1 be no 
actually 
y. The 
election 
pending 
loading. 
- proper 
nproper 
han the 
ce may 
y. 

such as 
extreme 
ince of 
ry glass 
silicate 
1 shape 
mersion 
wever, 


y and 
e are 
te fit 


t, 1945 





as the teu:perature differential increases above the 180- 
degree spread between boiling water and ice water, the 
possibility of fracture due to thermal change increases. 
Porcelain is capable of operating at fairly nga tempera- 
tures without mechanical failure provided it is not sub- 
jected to sudden temperature change while under work- 
ing conditions. The exact limitation on thermal shock 
which can be withstood by any particular piece is, of 
course, a function of the shape and design ot the piece. 
When porcelain is assembled with hardware or other ma- 
terials having a difterent coefficient of expansion, the 
shock resistance of the assembled piece may be mate- 
rially reduced due to the differential expansion or con- 
traction between the various elements. 

In the case of regular stoneware, actual working tem- 
peratures should not exceed 200 degrees F ahr. In this 
type of material the three phases (mullite, quartz and 
silicate glass) have widely different thermal expansion co- 
efficients, and repeated heating and cooling weakens the 
bond between the glass and crystalline substances. New- 
ly developed heat-shock resistant bodies provide pore 
spaces into which single constituents can expand, de- 
creasing the effect of differential thermal expansion but 
increasing the water absorption. Some of these mate- 
rials have working temperatures far in excess of 200 de- 
grees and may be plunged while white hot into ice water 
without experiencing damage. 

Thermal conductivity of heat-shock resisting stoneware 
used for hot liquids and gases is less than one-tenth that 
of metals, resulting in low heat loss from pipelines of 
this material. However, heat transfer through walls of 
heat exchangers is slow and for such applications special 
stonewares of high heat conductivity have been developed. 


Design Factors To Be Considered 


In the actual design of ceramic parts the peculiarity of 
the material and limitations imposed by the method of 
manufacture must be carefully considered. Before any 
design is completed it is highly desirable that the ceramic 
manufacturer be consulted. His suggestions may result 
in both improved strength and saving in cost. In work- 
ing up the preliminary design, the engineer should pay 
particular heed to the following general considerations: 

Safety factors should be higher than for metals be- 
cause of the impossibility of maintaining uniformity. Also, 
average strength tests may vary as much as 10 per cent 
due to localized inherent weakness in individual pieces. 
Because ceramic materials lack ductility, the influence of 
stress concentration must weigh heavily in selecting 
safety factors. Sudden impact loads should be avoided. 

To develop maximum strength under any particular set 
of conditions, concentrated loads must be obviated. High 
unit loading stress due to uneven or rough surfaces lowers 
overall strength and can be avoided by grinding the load- 
bearing surfaces and by gasketing. 

Wall thickness should be as uniform as possible, other- 
Wise internal strains will be set up which cause cracks. 

Corners should be filleted or chamfered to avoid stress 
concentration and to obviate damage to the unfired piece. 

Possible warpage of the piece must be allowed for, 
particularly on wet process parts. In general, the more 
liberal the tolerances the lower will he the cost. Glazing 
reduces the dimensional accuracy of the part. 
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bushing of steatite 
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the central hole 





Draft should be allowed on parts which are pressed, 
so that they may be withdrawn from the mold or die. 

Parts may be attached to each other in various ways. 
In the case of stoneware, parts should be cemented to- 
gether at specially prepared joints, avoiding the use of 
bolt holes. Porcelain, however, may be drilled and tapped 
with considerable accuracy. Screws of brass or other 
soft material are preferable to steel. 

Bonding other parts to porcelain is possible provided 
the surfaces are rough. The commonest and most satis- 
factory method of obtaining this roughened surface is by 
applying what are called sand bands. In performing this 
operation, sand-like particles of ceramic material are 
bonded to the desired surface with clay. In design, al- 
lowance should be made for about 1/16-inch thickness 
of such a sand belt. The hardware or other parts may be 
attached to these sand bands by portland cement or type 
metal. With such assemblies care must be exercised to 
provide for the differential thermal expansion between the 
porcelain and the attached parts. Also, the design of the 
joint should be carefully made to distribute the mechanical 
stress uniformly across the joint. 

Porcelain parts can be produced with metallized and 
tinned surfaces with which it is possible to make tight 
solder joints. It is also possible to furnish porcelain 
glazed with high-resistance conducting material. Also, 
two or more porcelain elements can be bonded together 
integrally to form one solid ceramic piece by means of 
glazed joints. Such joints must be made in the piece at 
the time of the initial firing. 

In conclusion, it should be pointed out that the ceramic 
manufacturer is in a much better position to furnish satis- 
factory parts if the designer supplies complete information 
regarding use for which the part is intended, critical 
dimensions, amount and nature of loading, temperature 
of operation, atmospheric conditions, wear conditions, 
size and shape of adiacent metal or other part, on what 
surfaces glaze is desired, etc. Many ceramic bodies have 
been developed to meet special requirements and recom- 
mentation of the particvlar materials best suited to a 
specific application should be left to the manufacturer. 

Macuine DesiGNn gratefully acknowledges the cooperation 
of the following campanies in the preporation of this orticle: 
The Akron Porcelain Co.; American Lava Corp. (Fig. 4); 
The Colonial Insulator Co.; Locke Insulator Corp.; Gereral 
Ceramics Co.; General Flectric Co.; The Star Porcelain Co.; 
Stupakeff Ceramic & Mfg. Co.: The United Stetes Stoneware 
Co. (Figs. 1 and 2); and Westinghouse Electric & Mfg. 
Co. (Fig. 2). The gererous assistance of the Locke Msulator 
Corp. ard the United States Stoneware Co. is particularly ap- 
preciated. 
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Designing 
RING SPRINGS 


By A. M. Wahl 


Westinghouse Research Laboratories 


HERE space is limited 
and a relatively large 
amount of energy must 

be absorbed, a type of spring 

known as the “ring spring” may 
well merit consideration by the 

This is partic- 

ularly true if the application is one where a large amount of damp- 

ing is also desirable, such as for railway draft gear springs (2). 










—Photo, courtesy United Engineering and Foundry Co. 


Fig. 1 Left—Ring-spring nest used in the 

rotating Llock shown in Fig. 2. Weighing 

15CO pounds, this spring has an ultimate 
resistance of 320,009 pounds 


Fig. 2 Akove—Block for a forging press 
utilizes a ring-spring nest, comprising two 
complete springs working one within the other 


In Figs. 1 and 2 is shown an application of a ring spring 


to a rotating block. The purpose of this device is to ro- 
tate heavy forgings by actuating the chain which sup- 
ports one end of the forging while the other is being 
worked under a hammer or press. This block utilizes a 
ring-spring nest. One spring is shown in Fig. 1, the other 
being tandem-connected with and “telescoped” in the 
spring shown. This is probably the highest capacity 
spring ever made, the ultimate resistance of the spring 
being 320,000 pounds with a total travel of 20 inches. 
Weight of spring alone is 1500 pounds. 

As its name implies the ring spring consists essentially 
of a series of rings having conical surfaces and assembled 
as indicated in Figs. 3 and 4. When an axial load is ap- 
plied, sliding occurs along the conical surfaces with the 
result that the inner rings are compressed and the outer 
rings extended. In this manner an approximately unitorm 
distribution of circumferential stress is obtained in both 
the inner and outer rings. Because of this uniformity of 
stress distribution, the ring spring is commonly assumed 
to act essentially as a bar in simple tension and to have a 
correspondingly high efficiency (considered on the basis 
of allowable energy storage per pound of metal). Actual- 
ly, because of compression stresses at the conical surfaces 
of the outside rings, there will be a slight nonuniformity 


*Numerals in parentheses refer to list of references at end of article. 
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in equivalent stress distribution. Where a tension and 
compression stress act at right angles as in this case, the 
equivalent stress—on the basis of the maximum shear 
theory of strength—will be the sum of the numerical mag- 
nitudes of these tension and compression stresses. 

In addition, where the radial thickness of the rings is 
appreciable, there is some nonuniformity in circumferen- 
tial stress since the ring behaves like a thick cylinder under 
internal or external pressure. For most springs, however, 
this nonuniformity in equivalent stress distribution will 
not be large and hence this type of spring will have a rela- 
tively high efficiency. On the other hand, it should be noted 
that the damping in this spring is obtained at the expense 
of a certain amount of wear on the sliding surfaces, even 
though lubricated in accordance with usual practice. 

A typical load-deflection hysteresis loop tor the ring 
spring is shown in Fig. 5. From this it may be seen that 
on the compression stroke a much higher spring constant 
(in terms of pounds per inch deflection) is obtained than 
for the return stroke. This is due to the friction forces on 
the conical faces of the rings which, for an increasing load, 
are added to the elastic forces caused by distortion of 
the rings but for a decreasing load are subtracted from the 
elastic forces. Thus a large hysteresis loop is obtained 
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with correspondingly high energy absorption per cycle. 

Referring to Fig. 6, for practical purposes of analysis 
each conical surface of the ring spring may be considered 
as subject to a total normal force N distributed uniformly 
around the circumference and a friction force F = pN 
(when p» is the coefficient of friction). This latter force 
acts in the direction shown when the spring is being com- 
pressed, and in an opposite direction when the spring 
is being extended. These forces N and F produce primar- 
ily a compression of the ring, although there is at the 
same time a tendency of the ring to bend like a bar on 
elastic foundation (3). This latter effect, however, may 
be neglected for practical design purposes. It will also be 
assumed that the ring thickness is small compared to the 
mean diameter so that the nonuniform circumferential 
distribution due to the thick cylinder effect may be ne- 
glected (4). 

Considering the inner ring of Fig. 6 and assuming the 
spring is being compressed so that the friction force acts 





Fig. 3—Diametral section through ring spring 


in the direction shown, the total radial force acting will 
be equal to 2(N cos « —F sin a) where « is the angle of 
taper of the conical surfaces. The radial load p per inch 
of the circumferential center line of the ring will be the 
total radial force divided by 2rr;, where r; is the mean 
tadius of the ring. Hence 


_ 2(N cos a—F sin a) 
- Qari 





Taking F — ,N this equation becomes 


N - ° 
pO) ooo occccceeeneee (1) 


nr; 


For a thin ring, the compressive stress will be 





where A, — sectional area of the inner ring. Substitut- 
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ing Equation 1 in 2, 


og SB aR a} ee, ) 2 oe (3) 
wA; 





The axial load P acting on the spring during the com- 
pression stroke is found by taking the components of N 
and F along the axis, Fig. 6. Hence 


P=Nsina+F cos a=N(sin at+pcos a) 


Solving this for N and substituting in Equation 3, the 
circumferential compressive stress g, in the inner rings be- 
comes 


P cosa—psina 





eT oat Oe atpcosa (4) 
This equation may be reduced to the simpler form: 
P tana _ 
"AK . (5) 
where 
Kaan aluttan a) 6) 





l-—yutana 


To facilitate practical use of Equation 5, values of K 
are plotted against the angle « for various friction co- 
efficients » in the upper group of curves of Fig. 7. Where 
maximum accuracy is desired, computation should be 
made by using Equation 6. 

A similar procedure for calculating the circumferen- 
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—Plwto, courtesy Edgewater Steel Co. 


Fig. 4— Sectional view of ring spring as used in draft gear 
where a large amount of energy must be absorbed in a 
relatively small space 


tial tension stress o; in the outer rings is used. This gives 


Ptane 
6 026064 KOE RE DES _ etadasdten sie 
tA .K 
where in this case A, = sectional area of outer ring and K 


is given by Fig. 7. It should be noted that Equation 5 
and 7 give the stresses in the spring as a function of load 
for increasing load P only. 

As indicated previously, to obtain the equivalent stress 
in the outer rings, the compressive stresses due to the 
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DEFLECTION , INCHES 


Fig. 5—Typical load-deflection diagram of ring spring 
showing hysteresis loop 


normal forces N, Fig. 6, should be added to the circum- 
ferential tension stress go; calculated from Equation 7. 
These compressive stresses may be computed as follows: 
For the outer ring the radial ioad p per inch of mean cir- 
cumference is obiained from Equation 1 using r, instead 
of r;. Thus 


N (cos a—p sin a) 
ee 





TT 
Solving for N, this gives 


Prro , 
N=————_ .  ) 
COS a—p SIN a 


If «; is the tension stress, from the usual ring formula: 


Substituting in Equation 8, 


oA us 
N=—————_ ........ (9) 
COs a—pwsina 


Letting b equal the projected axial length of contact area 
at the load P and stress o;, Fig. 3 (which length may be 
obtained from the calculated deflection of the spring and 
its geometrical proportions), then the average compres- 
sion stress g,’ in the contact region is 





,_ Noosa (19) 
wi oO aa ee Se Sn eee ; ) 
where r,, = (r,+7;)/2 = mean radius of inner and 


outer rings. This holds since the total area over which the 
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force N acts is 2zr,,b/cosz. Substituting in this the valye 
of N given by Equation 9 the contact stress becomes 


otAo 


" 21nd ( 1 —p tan «) 


’ 
Te 





ee Sa cae a oe ocel ll 


To calculate the total deflection of the spring, the radial 
deflections of the rings must first be found. For the inner 
ring the radial deflection will be approximately equal to 
ocl'm/E where E is the modulus of elasticity. The axial 
deflection of the spring due to each inner ring will be 
two times the radial value o,1,,/E divided by tang. (The 
factor two is used since there are two conical surfaces per 
ring). Hence if n; is the total number of inner rings 
in the spring (a ring of half the full section being con- 
sidered as half a ring), the deflection §; due to these rings 
only will be 


2o-Nilm f 
Oa oe ea .. (12) 


Similarly the total axial deflection §, due to the outer 
rings only is 


2o:Nol'm 
- ada ; sos (ae 
Etanea 


where n, is a total number of outer rings. This will also 
be equal to nj. 

Letting n—=n,-+n;=— total number of “elements” in 
the spring, each element consisting of a half inner and 
a half outer ring, and adding Equations 12 and 13, 


$= 8,+5;=—"— (a: +0) 14 
=05 =———— (o1+T dc “a 
' Etana 
Using values of o, and o; given by Equations 5 and 7 
in this, the deflection during the compression stroke may 
be expressed, in terms of the load P, 


aie Pr,,.n 1 A; 
- EA; K v A. 


(15 


In this K is given by Equation 6 or Fig. 7. 

The deflection and loads occurring during the unload- 
ing or return stroke may be analyzed in a similar manner 
by considering that in this case the direction of the fric- 


tion forces F, Fig. 6 will be reversed. If P, is the load 





Fig. 6—Forces acting on element of ring spring 
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and 8, the corresponding deflection during the return 


stroke, 
Pir..n A, 
_ Pit (14 As) iia 
an TEAK: ( ra 
where 


tan a\(tan a—p) 
i= a 


(17) 


l+yutana 
Values of K, are plotted for convenience in the lower 
group of curves of Fig. 7. 

The ratio between the load P, (return stroke) and the 
load P (compression stroke) at any given deflection is 


Load and Deflection Ratings 


-—— aches ———- — — Peres —— a 
0.D. L.D. Py 6/n W ad Po P, 
3.750 3.020  .750 .250 .778 1135 750 382 
3.093 2.240 540 152 489 1420 915 450 
1.521 1.275 .1730 .0265 0286 3000 2300 1630 
2.124 1.856 .239 041 0378 3250 2340 1465 

980 724 .1785 .0164 0179 3500 2440 1430 
1.813 1.498  .204 .0366 0522 5000 3400 1880 
1.906 1.530 .2000 = .0323 0602 5000 3825 2720 
4.305 3.982 420 085 1436 5769 1150 2600 
1.917 1.530 .2000 .0348 0625 6900 4450 2970 
2,242 1.785 .2250 .0378 .0961 6800 5200 3700 
1.875 1.327 .200 0344 0896 7000 5660 4390 
2.048 1.660 .2635 .0376 .0889 7990 5870 3910 
2.587 2.040 §=.2500 = .0434 1469 9000 6900 4900 
1.470 .880 BR > 4 0248 .0668 9120 6410 3540 
3.152 2.550 .3000 .0537 .2409 12000 9200 6500 
3.441 3.024 .360 0719 -2367 12150 8250 4550 
1.875 1.203 = .290 .0316 1365 13875 11330 9000 
3.549 2.800 .325 .0595 357 16000 12250 8700 
3.441 2.419 275 .0560 375 22300 15670 9150 
3.441 2.353.375 0575 540 27750 22750 18000 
4.375 2.976 .312 .0830 732 32000 21500 11400 
3.663 2.302 500 .059 .916 50500 37400 25000 
4.938 3.134 .375 .0830 1.235 52000 35800 20400 
5.625 3.7358  .645 .0800 2.312 97000 70000 44600 
8.188 6.496 -786 -1680 4.57 100000 67200 35800 
7.500 5.189 692 1215 4.61 110000 76000 43000 
6.500 3.881 .593 -110 3.64 128000 83500 45000 
8.188 4.599 .692 1281 7.08 186000 128000 73000 


*Ring Spring to be guided, either on the outside in a cylinder of 2% 
greater diameter than the O. D. oi on the inside by a mandrel of 2% smaller 
than the I. D. of the spring. 


0.D.=Outside diameter of spring. B, +6 /n= Free height of one spring 
element. 
W = Weight of one spring element 
P =Compression force of spring. 
P)= Elastic force of spring. 
P, = Recoil force of spring. 


I1.D.=Inside diameter of spring. 


B,=Solid height of one spring 
element (—one-half the 
width of one outer ring). 


5 /n= Travel of one spring element. 


obtained by equating § and §,, Equations 15 and 16. 
This gives 


P, K, 

oe : ts eink (18) 
Hence to find the ratio of the spring constants for the 
return and compression strokes respectively it is only 
necessary to take the ratio K,/K for the given values of 
wand g. This is true since the spring constants are pro- 
portional to the respective loads at any given deflection. 


Design Calculation 


As an example of the application of these formulas in 
practical design, a ring spring of the following dimensions 
as tested by Wikander (1) may be considered: A,—=A;= 
384 in.?, r; 4.42 in., r,—4.74 in., r,—4.58 in. tan « 
25, a= 14° (approx.), E—=29x10*psi, n,=n,;—9, n= 18. 
Tests on this spring indicated a coefficient of friction 
u=.12. From Fig. 7, for z=14° and »=.12, by inter- 





MACHINE Desicn—August, 1943 





























































| USE UPPER GROUP FOR K 


USE LOWER GROUP FOR K, 


FACTOR K OR K, 


7 


0 
Ll, cl SD) 


Fig. 7—-Curves for finding factors K and K: in formulas 


polation K=.095 and K,=.031. 
Assuming a maximum load P,=— 100,000 pounds, then 
from Equation 15 for an increasing load the deflection 


5 is 


100000 4.58 18x 2 


—__—__—_ = 3.26 in. 
7X 29X 10°X.584X.095 a 


i~7) 


The load P, on the return stroke for this same deflec- 
tion will be equal to P multiplied by the ratio K,/K, 
Equation 14. 

This gives 


.031 
P,=100000X 09: = 32,700 lb. 


The spring constant for the compression stroke is 


. —— = 30,700 Ib /in. 


5 3.26 
That for the return stroke is: 


.031 , 
—= 10,000 lb /in 
.095 


(Concluded on Page 212) 


K, 
30700 K = 30700x- 









































Fig. 1—Vitreous enameled SAE 1020 steel replaces stainless 
steel in the exhaust stacks for the famous B-25 Mitchell bomber 


NCREASED emphasis on the conservation and substitution 
of strategic materials makes it advisable for the design en- 
gineer not only to appraise the supply situation from time 

to time but to keep informed as to the trends in applications for 
materials in various types of equipment. 

Conservation and substitution have become something 
more than a temporary war measure in that the lessons now be- 
ing learned are exerting a permanent influence on design, first 
for the reason that many substitute materials previously thought 
inferior are performing nobly in service and, secondly, because 
in the postwar days to come there is every evidence that engi- 
neers will be under pressure to keep material and production 
costs at a minimum. 

As an example, North American Aircraft Corp. has con- 
verted the entire exhaust assembly, Fig. 1, for the Mitchell B-25 
bomber to vitreous enameled steel and Bell Aircraft Corp. is 
using some of the same material for short exhaust pipes for 
the Aircobra. Continental Motors Corp. has conducted tests 
in connection with its W-670 engine. Similar tests also are 
being conducted by Packard Motor Car Corp. and the Glenn L. 
Martin Co. 

It will be recalled that Packard used enameled cast iron ex- 
haust manifolds in its automobile engines with some success, 
the smoother surface providing freer flow of gases and added 
cleanliness. In applying enamel to steel aircraft exhausts, the 
problem largely involves obtaining closely adherent, thin coat- 
ings. 
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By Irwin H. Such 


Unexpected changes sometimes occur in the ma- 
terial supply. Molybdenum, for instance, was pushed 
by the war agencies a number of months ago as a 
substitute for nickel and chromium in making alloy 
steels. More recently the situation has become 
reversed, the War Production Board ordering a re- 
duction in production of molybdenum steels and an 
increase in the chromium-nickel types. An ex- 
tremely critical situation in tungsten some months 
ago has been considerably relieved and by the 
same token tool steels now ‘are in more adequate sup- 





Fig. 2—Critical materials are saved in two ways in 

this gear, first by precision forging from a smaller 

blank and, second, by substituting an NE steel for 
a more highly alloyed steel 


ply. Not only have sources for tungsten in the 
Americas been exploited but some metal even is aI 
riving from China. 

Despite added steelmaking capacity, Claimant 
Agencies such as the Army, Navy and Maritime 
Commission have entered combined requirements 
for the current (third) quarter exceeding produc- 
tion by roughly 1,000,000 tons and a similar deficit 
is seen for fourth quarter. Fortunately, the situa 
tion could be much worse as indicated by the fact 
that the steel industry has been able to make 275,- 
000 tons of National Emergency steels available o 
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Fig. 3—Oil cooler (in front) for Caterpillar tractor now is made 
of steel and tests are under way which may lead to use of steel 
for larger water-cooling radiator in rear 


a monthly basis contrasted with actual production of only 40,- 
000 tons in June, 1942. And the alloy steel supply has been 
boosted sharply to 1,200,000 tons per month and will reach a 
peak of 1,340,000 tons within the next few months. 

Even so, design engineers face the necessity of specifying 
NE steels wherever possible for some time to come, since war 
production continues to be on an ascending scale month-by- 
month and the available supply of most materials will be read- 
ily absorbed. In the last half of 1943 it will be necessary for 
industry to turn out 60 per cent of the 83 billion-dollar quota for 
the entire year. The 1944 quota will be even larger. 

The emergency steels have been working out well for a 
number of companies, an outstanding example being the Timken- 
Detroit Axle Co., Detroit. This company recently developed a 
revolutionary precision forging process for the production of 
gears, Fig. 2, which in itself saves materials. In making a small 
pinion gear, a blank weighing only .92-pound is needed com- 
pared with a 1.65-pound blank when employing conventional 
methods. The pinions are formed in a series of three forging 
and two coining operations and require only a minimum amount 


of final finishing. 
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iden Design Horizons 


The company formerly made two sizes of pinions, 
using SAE 4620 for the first and SAE 4120 for the 
second. In making the three sizes now specified for 
military equipment, the company has substituted 
NE-8720 and NE-9420. The 8720 steel is found 
to be a little more susceptible to surface scaling 
during heating than 4620 and must be handled 
more rapidly in quenching to obtain the required 
hardness. The 9400 series steel is proving to be 
about 85 per cent as good as 4620 from the stand- 
point of gear life. 

Timken engineers are of the opinion that large 
amounts of the present NE steels will be used after 
the war, based upon the sound principle that a 
small quantity of a number of alloys in steel is 
better than a large quantity of one. This principle 
has been known for a long time but was not always 
applied until circumstances compelled its adoption 
in the form of the NE steels. 

Induction heating equipment now being marketed 
by a number of companies is exerting a strong in- 
fluence on designers in selecting materials for given 
parts, two of the tractor builders constituting excel- 
lent examples. The Cleveland Tractor Co., Cleve- 
land, has gone over to an induction-hardened medi- 


Fig. 4—Cooling fins on this aircraft engine cylinder 
are copper strip, resulting in savings on alloy steel, 
machining time and weight per horsepower 
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ber of companies with the use of a manganese-sulphy 
steel, sold on a carbon-steel base, in place ot alloy steels 
Reed-Prentice Corp., Worcester, Mass., for instance, js 


um-carbon SAE 1045 steel for a number of parts in its 
military, industrial and farm tractors from SAE 5120, a 
chromium steel, which formerly was carburized. SAE 


1045 also is used in place of SAE X1020 for rocker arm using this steel in place of SAE 1045 for machine too] 4, 
shafts, link pins and track pins. lead screws and finds that wearing qualities have jm. 
The Caterpillar Tractor Co. also is using an induction- proved and machinability has increased. The same steel W 
hardened SAE 1045 steel in place of SAE 2345, a nickel also is being used for spline shafts for feed and drive signe 
steel formerly used for tractor final-drive gears. Prior to boxes. No redesigning was required in the changeover, stitut 
1942, 50 tons of nickel alone went into the drive gears Design engineers who are able to specify bessemer | Fé: 
for a single model, the Diesel D8. Many other steel steels as well as rerolled rail steel bars for their products ing | 
substitutions have been made in other tractor parts, in- will aid the war effort materially as these are relatively heat 
cluding heavy shafts, drawbar pins and push rods. freer than electric furnace and openhearth grades. Nearly Al 
A list of NE steel substitutions made by the Caterpillar 15,000 tons of bessemer and 25,000 tons of rerolled mate- a sin 
company follows: rial are produced monthly. macl 
As long as the war is on, copper will continue extremely copp 
critical. Although allocations have been increased each 
Fosmsly Weel = Now Used Pometty Used =—- Now Used quarter by WPB, requirements for the most essential pur- 
SAE 4119 NE-8020 SAE 3115 NE-8620 a %: , 
SAE 4135 NE-8635 SAE 3135 NE-9437 poses have gone up at a still higher rate. Little expan- 
SAR 4145 nm paae SAR seas wa eaer sion in either foreign or domestic production is regarded 
SAE 4150 NE-9445 SAE 6150 NE-8650 


likely in view of the shortage of labor, equipment and ship- 


ping facilities. Two thirds of the available supply goes 


This company also has changed from aluminum to mal- 
leable iron for oil pump suction bells, gage panels and 
fuel-tank caps. Oil and fuel lines have been switched to 
welded steel tubing from copper. Tubes in the oil cooler 
shown in Fig. 3 now are cold-rolled, welded steel tubing, 
replacing brass. Fins and headers of these radiators also 
have been changed over to steel, the fins being solder- 


into brass mill products, one-half of which is in the form 
of strip for ammunition. Contrary to reports, the steel 
shell case program has not provided sufticient relief to per- 
mit a reduction in production of ammunition brass. 
Designers are still urged by the government agencies 
to eliminate copper from all nonessential applications and 
specify low-grade, leaded alloys wherever possible in 








Electrodeposited coatings 


place of high-copper alloys. 


dipped to prevent corrosion. The entire surface of the 
cooler is bonderized and painted. No interior surface 
material is necessary since the tubes circulate lubricating 





oil only. Fuel-tank screens have been changed from brass Fi at 
to steel and grommets from subber to felt. ri 
Considerable success has been encountered by a num- weig 
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Fig. 6—One hundred and eighteen zinc die-cast parts is ne 
were used in designing the Link trainer for airplane pilots. 





ee 
The total would have been much larger with machined parts ce 

should be specified only where they have a definite func- short 

tional value. Use of the refractory alloys such as silicon, duct 

aluminum and beryllium copper, cupro-nickel and nickel struc 

silvers also is discouraged since they contain other criti- been 

cal elements and are more difficult to produce than brass. U 

Copper or copper alloys, according to WPB, should be cons 

specified only when necessary to meet the following re on 

quirements: the : 

1. Electrical conductivity, but only if use of silver is im- ens 

practicable “ign 

2. Corrosion resistance, provided nonmetallics, lead al- shou 

loys or coated sheets cannot be made to serve as mad 

Fig. 5—Cast magnesium heads and magnesium tubing substitutes at | 
replaced steel and wood in this rayon knitting machine 3. Bearings, but only when heavy loads, high torques, shap 
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high opcrating speeds, or essential safety considera- 
tions nike lead or silver base or less critical alloys 
unsuitalle 

4. Non-sperking, but only when nonmetallics or lead 

alloys cannot be substituted. 

While most substitutions are away from copper, de- 
signers will be intrigued with the possibilities of a sub- 
stitution in “reverse”. The aircraft cylinder shown in 
Fig. 4 makes use of copper in saving alloy steel, increas- 
ing horsepower for a given weight and providing greater 
heat radiation. 

Aircraft engine cylinders normally are machined from 
a single, thick forging but in this design both metal and 
machining time are saved by replacing the usual fins with 
copper strip which is wound round the cylinder on a con- 





Fig. 7—Unique example of full conversion is this register 

made by the Standard Register Co. Constructed largely of 

laminated plywood and hard wood for working parts, it 

weighs 8 pounds, contrasted with 15 pounds for the re- 
placed model of steel 


verted lathe with a fixture which holds the spirals at the 
proper pitch. Silver alloy brazing wire is wound between 
the spirals at the same time, with the flux sprayed on fol- 
lowing the winding operation. The cylinder then is 
brazed by placing it in an induction-heating fixture. 
Aluminum will be available this year only for the most 
urgent requirements, which are predominantly for the 
aircraft industry. The Claimant Agencies were able to 
obtain only 85 per cent of their needs in the first three 
quarters of 1943 and the picture in the more distant future 
is not much brighter due to the expanding aircraft pro- 
gram. The shortage is more particularly one of basic 
metal rather than lack of fabricating facilities. Labor 
shortages in the West made it impossible to operate re- 
duction plants at capacity for many weeks after con- 
struction had been completed. Plant efficiency also has 
been reduced by the enforced use of low-grade bauxite. 
Up to about two months ago, aluminum extrusions 
constituted one of the major bottlenecks in the war pro- 
gram with requirements regularly running well ahead of 
the supply. Since that time, WPB initiated drastic meas- 
ures to double capacity and orders have gone out to de- 
sign more extrusions into aircraft. However, designers 
should make note of the fact that efforts still are being 
made to encourage use of alloys which may be extruded 
at high speed and also specify in place of extrusions 
shapes which may be roll-formed from sheet. The sheet 


MACHINE Desicn—August, 1943 





‘e 


Fig. 8—Speed selector head drum for turret lathe has been 
converted from aluminum to molded plastic. New drum 
requires practically no machining 


situation has eased for the reason a new continuous mill 
has gone into operation in the Chicago area. Additional 
forging capacity now is in operation but it still is insuf- 
ficient to meet all requirements. Easing of specifications 
on castings permitting the more extensive use of second- 
ary alloys has relieved an acute situation in this direction. 

Although magnesium has been most critical, the situa- 
tion promises to ease sufficiently in the final half of this 
year to make this versatile metal available for some new 
applications. The 1943 supply is estimated at 200,000 
tons, of which 40 per cent is earmarked for the aircraft 
industry, 30 per cent for the chemical warfare service 
and the balance for export and other outlets associated 
with the war effort. There appears to be a slight surplus 
in the latter category and the war agencies no doubt 
would look with favor upon new semimilitary or military 
applications. 

While strictly military demand for both aluminum and 
magnesium have limited their normal applications these 
metals now are serving as permanent substitutes, especial- 
ly where reduction of worker fatigue and inertia are im- 
portant factors. For instance, with the rapid increase in 
employment of women in industry, the use of aluminum 
housings on small hand tools such as drills and riveting 
hammers has been immediately reflected in higher pro- 
duction rates because of easier and more rapid handling. 


Substitution of Aluminum Reduces Stresses 


Similarly, substitution of aluminum for steel for the 
clicker arm on leather cutting machinery has reduced 
stresses, resulting in longer bearing and machine life. An 
important development also has been the use of mag- 
nesium tubing and cast magnesium heads, Fig. 5, in the 
fabrication of sectional warp beams for knitting machines. 

Before considering use of zinc in any form, the designer 
should make certain that no equally satisfactory, less crit- 
ical material is available and that the application is tech- 
nically sound. This is especially true with regard to high- 
grade metal which is needed in the ratio of 30 nounds 
to 70 pounds of copper in the production of ammunition 


brass. However, it undoubtedly has been noted that high 
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grade zinc in the form of die castings has done a par- 
ticularly outstanding job in the production of many items 
of military equipment such as signal equipment and the 
Link trainer, Fig. 6 for pilots. Many in industry feel that 
conservation in use of lower grades of zinc for galvanized 
coatings has gone too far, especially in view of reports 
that stocks now are in excess of 75,000 tons or three times 
the high-grade total. 

About 90 per cent of the 5000 tons of cadmium likely 
to be produced in 1943 will be used as an electroplated 
coating on steel. Where cadmium is used simply as a 
protection against corrosion, the war agencies favor the 
substitution of zinc for the reason that the supply of the 
former metal will not meet indicated requirements. This 
substitution is not deemed advisable, however, for close- 
fitting machine parts where the products of corrosion 
might interfere with their functioning. 

Considerably more success has been encountered re- 





Fig. 9—This cooling tower fan blade is laminated plastic 


cently with the use of lead as a protective coating for 
steel. Lead-coated flat rolled steel is available commer- 
cially and where this material cannot be utilized, it un- 
doubtedly would be advantageous to investigate present 
practices in applying lead to specific machine parts. Large 
stocks of lead are on hand, making the metal freely avail- 
able for most applications. Antimony, closely associated 
with lead for many uses, no longer is critical. 

Designers should anticipate no relaxation in restrictions 
on tin either while the war is on or for a period after its 
termination. While a domestic tin smelter now is operat- 
ing at Texas City, Tex., its production falls far short of 
supplying even most restricted war needs. It is estimated 
that stocks on hand will be reduced by more than 15,000 
tons in 1943 and by over 20,000 tons in 1944. However, 
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the supply should last six years unless unforeseen emer. 
gency requirements arise. One of the disappointing de. 
velopments has been the marked reduction in tin pyro. 
duced from secondary materials. 

It should be emphasized in looking ahead, however, 
that the United States no longer will be as dependent 
upon tin as before the war. The establishment of a 
complete new electrolytic tinplate industry has mate. 
rially reduced the major outlet for the metal and engi- 
neers think so well of most substitute solders, babbitt and 
other tin-base bearing metals that a return to high-tin 
alloys is regarded as unlikely. 


Arsenic Babbitt Bearings Perform Well 


The new so-called arsenic babbitts with 80 per cent 
lead, 16 per cent antimony and 1 to 3 per cent arsenic 
are reported to be performing as well as the tin-base bab- 
bitts, one of which contains 85 per cent tin, 10 per cent 
antimony and 5 per cent lead and another 8 per cent tin, 
14 per cent antimony and 78 per cent lead. Furthermore, 
bearings made with the substitute material are less costly. 

In discussing bearings it also might be well to point out 
the progressive reduction in use of bronze bearing ma- 
terials, the tendency being to cut down on the thickness 
of the liner and increase the strength of the shell. Engi- 
neers also are looking with increased favor upon powder- 
metal bearings which have a faculty for retaining oil so 
that if lubrication is faulty the bearing will be self-lubri- 
cating for a certain length of time. 

As for the solders, it should be observed that bismuth, 
used in substitutes for tin-lead solders, is becoming more 
critical. In fact, elimination of bismuth in general pur- 
pose solders and babbitts is being considered. Silver is 
being produced in ample volume for use in bearings, 
silver solders and brazing alloys. 


Ruthenium Substitutes for Iridium 


In briefly reviewing the situation with respect to rare 
metals, note should be made of the fact that makers of 
iridium electrical contact points have been asked to sub- 
stitute ruthenium wherever possible. Platinum, osmium, 
palladium and rhodium, also used for electrical purposes, 
are not particularly critical. 

The nonmetallics have assumed increasing importanace 
in the emergency, not only as excellent substitutes but in 
new, permanent applications. Capacity for production ot 
synthetic resins is close to 200,000 tons annually and a 
much larger tonnage of finished products may be turned 
out through their use as binders for plywood, wood flour, 
paper, asbestos and the like. The resins, of course, are 
also being formed into an endless variety of products, Fig. 
7, among the latest being seamless tubing complete with 
fittings which make it readily adaptable for many ma 
chine applications. The manufacturers of several types 
of synthetic rubber are now readying more extensive 
lines of mechanical goods for the market and many of 
these are superior to the natural product, especially when 
subjected to the corrosive action of oils and lubricants. 

The drum, Fig. 8, for the head for determining machine 
cutting speeds on Warner & Swasey turret Jathes may be 
cited as an example of evolution in design made necessary 

(Concluded on Page 230) 
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BOLT FAILURE 


as Affected by Tightening 


By J. O. Almen 


Research Laboratories Division 
General Motors Corp. 


ATIGUE of bolts and studs has been widely dis- 

cussed and the improvements resulting from reduc- 

ing the diameter of the bolt body and from pres- 
sure rolling of the threads have been adequately recorded. 
Insufficient attention, however, has been given to fatigue 
vulnerability due to insufficient bolt tightness. A bolt 
or stud should be tightened to a load exceeding the maxi- 
mum working load. When properly tightened against 
rigid members, a bolt cannot fatigue because there can 
be no change in stress and the bolt load therefore is static 
even though the load applied to the bolted member may 
change at high frequency from zero to maximum. The 
foregoing rule must, however, be used with caution be- 
cause all bolted members are elastic in some degree and 
the design of the bolted members may be such that the 
applied load is greater than can possibly be supported by 
the bolt. 


Excessive Stress Occurs 


An exaggerated case of this is shown at left of Fig. 1 in 
which the bolts are excessively stressed in tension and in 
bending because the distance from the bolt to the point C 
is small; since the bolted parts tend to bend about the 
point C as a fulcrum, the tension and bending loads in 
the bolts are great. Fig. 1 shows, right, an improved design 
in which the fulcrum point C is farther removed from the 
bolt and, therefore, the tension and bending loads are re- 
duced. In this example fatigue failure of one member 
may occur due to faulty design of another member, as 
is frequently encountered in practice. It must be re- 
membered that, like an aching tooth, the one that seems 
to hurt is not necessarily the one that should be pulled. 

If the right-hand bolt should fail by fatigue the failure 
could still not be charged to insufficient bolt strength be- 
cause, as stated above, if the initial bolt tension is less 
than the applied load the stress range under repeated 
loads is increased. If the bolt were tightened just enough 
to bring the surfaces into contact without appreciable ten- 


sion, then under alternating stress the stress range woul | 
————e 


° 
From a paper presented at a meeting of Detroit chapter, A.S.M. 
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Fig. 1—Tensile and bending loads on bolt at left are 
excessive due to short moment arm. Condition is alleviated 
by the improved design at right 


Fig. 2—Tests on the effect of initial tension on bolt life 
show importance of adequate tightening 


ar Bg 
pe 


INITIAL BOLT TENSION, 1000 LBS 


LIFE IN 10Q000S OF CYCLES 





be from zero to maximum and fatigue failure could only 
be avoided by greatly increasing the bolt strength. As 
the initial bolt tension is increased the stress range is de- 
creased until it approaches zero, when the initial bolt 
tension is equal to or greater than the maximum work- 
ing load. This illustrates a case in which a bolt fatigue 
failure is not the fault of either bolt strength or of design 
but is chargeable to bad assembly practice. 
Vulnerability to fatigue as a function of bolt tightness 
is shown in Fig. 2. In these tests all bolts were sub- 
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jected to a cyclic tension load of 9210 pounds but were 
tightened to initial tensions of 1420, 7220 and 8420 
pounds. Fifteen bolts were tested in each of the three 
lower groups of the graph in order to establish partially 
the scatter band for this kind of specimen. Only two 
bolts were tested in which the initial tension was 8420 
pounds, one of which failed after 4,650,000 stress cycles 
and the second did not fail after ten million stress cycles. 
These are not shown on the graph because they would 
compress the stress scale to undesirable proportions. The 
bolts used in these tests were %-inch in diameter ac- 
curately dimensioned and finished. The threads were 
U. S. form, 24 threads per inch and ground to close 
limits. 


Stress Range Affects Durability 


The stress range to which these bolts were subjected 
is the difference between the initial load and the maxi- 
mum operating load and since it is known that fatigue 
durability is increased as the stress range is decreased, 
results of the order that were obtained from these tests 
as shown in the chart are to be expected. All failures 
occurred in the threads except in a few cases in which 
the threads were rolled in a manner to pre-stress the roots 
of the threads in compression. In these rolled threaded 
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Fig. 3—Relation between wrench torque and bolt tension 
is greatly affected by lubricant and surface condition 


bolts the fatigue durability of the threads was increased 
sufficiently to cause failure in the bolt shanks. When 
the surfaces of the bolt shanks were also compression pre- 
stressed by peening, the failures were again transferred 
to the threads but, of course, at prolonged durability. 
These tests, therefore, also show that the fatigue durabil- 
ity of cut and ground screw threads can be increased by 
rolling and indicate that compression pre-stressing of the 
surface of pure tension members is effective in increasing 
their fatigue strength. 

It is evident that the fatigue strength of bolts and 
studs stressed in tension is dependent upon the initial 
tension applied by the nut and upon the elasticity of the 
bolted members. Therefore washers, lock washers, 
gaskets and other devices that add to the elasticity of 
the bolted assembly are fatigue hazards and should be 
avoided if possible. 

Initial tension applied by the nut is difficult to deter- 
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mine. Measurement of torque applied to the wreneh j 
unreliable because of the variability of friction. Fig, 3 
records tension measurements plotted against wreng, 
torque in pounds-feet for 5/16-inch diameter bolts hay. 
ing 24 threads per inch. It will be seen that the hg 
tension varied as much as ten to one for constant Wrench 
torque depending upon the lubricant used. The onh 
sure way to determine initial tension is to measure the 
elongation of the bolt. 


Bolt Loads Analyzed 


[* THE foregoing article the detrimental effects of jp. 
sufficient tightening of bolts and of too much elasticit 
in the connected members were emphasized. Supple. 
menting this article, the following quantitative analysis 
of the effect of bolt and member stiffness sheds further 
light on the problem of bolt loading. 

When an external load W is applied to a bolt which 
already has been tightened to an initial tension W, the 
bolt tension can increase only in proportion to the amount 
that the bolt stretches. Assuming the stretch is A and 
the bolt stiffness is k, (pounds per inch of stretch), then 
the additional bolt load is W,—k,A. At the same time 
the bolted members which were in compression also de- 
form by the amount A. If their stiffness is k,,, the cor- 
responding reduction in the compressive load is W,,= 
k,,A. The total applied load W is the sum of the increase 
in bolt tension and the decrease in member compression, 
or W=W,+W,, =k, A+k,,A, provided the initial ten- 
sion is not less than W,,. From this relation, A=W, 
(k,+k,,) and the increase in bolt tension is W,= 
k,A=k,W/ (ky + kin) =W/ (1+ kinky). 


Example Illustrates Effect of Stiffness 


As an example the case may be considered where the 
members are three times as stiff as the bolt (k,,/k,=3). 
The added bolt load is W,—W/(1+3)—=W/4. The 
decrease in member compression is W,,—=W—W)= 
3W/4, therefore the initial tightening load should be not 
less than three-fourths of the applied load for this case. 
Assuming the applied load is 100 pounds the tightening 
load should be at least 75 pounds. Under this condition 
the members would be entirely relieved of compression 
when the load was applied. To insure the members @/- 
ways being in compression it is a safe rule to make the 
initial load slightly greater than the applied load. Assum- 
ing an initial tightening to 110 pounds, the total bolt 
tension after application of the 100-pound external loa 
would be 110+ 25135 pounds, while the net compres 
sion in the members would be 110—75==35 pounds. 
When the load is periodically applied the bolt therefore 
goes through a load cycle from 110 pounds minimum ' 
135 pounds maximum. 

Effect of increased member stiffness is shown by 
suming k,,/k,—=9, say, when the added bolt load would 
be only W/10 or 10 pounds, giving a maximum of 120 
pounds with an initial load of 110 pounds as before. The 
stress range in fatigue loading is therefore less when the 
members are stiffer. 
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1), then OW 
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“rad . ° / e h 1K 
n= 
x High-Altitude Flight 
ression, 
ial ten- 
A=W, 
W,= | 
By R. G. Standerwick and W. J. King . | | 
General Electric Co. Fig. 1—Top—Two-stage supercharging of Flying Fortress 
Lynn, Mass. engines contributes to exceptional high-altitude per- 
formance—Boeing Aircraft photo, courtesy OWI 
ere the 
(p=3). ; ; ; Fig. 2—Below—How atmospheric pressure and temperature 
The ASIC function of supercharging—to increase the in- vary with altitude. Effect on horsepower of an unsuper- 
Mee take manifold air pressure in an engine—has two charged engine also is shown 
beat h immediate results: The density of the charge 
pees forced into each cylinder is increased, and a favorable ex- ~ 
htening | c°SS OF differential is maintained in the intake manifold = 
ndition | Pt@SSure with respect to the exhaust back-pressure. These c. 
paced two effects are utilized to accomplish the primary objec- é 
ica tives of supercharging aircraft engines: aA 
ike the 1. To maintain full rated power at altitude 
Assum- 2. To increase power at sea-level (ground boosting) 
al bolt 3. To improve fuel economy for cruising. 


il Joad | A further beneficial effect of supercharging is to promote 
mpres tuel vaporization and uniform distribution of mixture to 
ounds. | the individual cylinders. 


erefore In order to appreciate the nature of the problem it is 
1um to | first necessary to take account of a few elementary rela- 


tionships underlying the performance of present-day air- 
by as | ‘Taft engines. Other things being constant, the indicated 
would | horsepower developed in an engine is directly propor- 
of 120 | tional to the mass rate of air consumption (pounds per 

The | Minute). For a given speed this means that power is 


_ 


he ; 
en t *Abstract of a paper presented at the recent semiannual meeting of 


the A.S.M.E. in Los Angeles. 
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Fig. 3—Typical range curves for superchargers 
show narrow range of operation for which 
efficiency is satisfactorily high 


proportional to the density of the air, which is 
a function of its pressure and temperature. As 
a fairly close approximation(1)*, the brake 
horsepower of an engine varies directly with 
the absolute pressure, p, and inversely as the 
square root of the absolute temperature, T, of 
the carburetor inlet air, as expressed in the 
formula: 


bhp _ Boal re eee (1) 
bhp, Pi To 


where the subscripts 0 and 1 refer to standard 
sea-level and altitude conditions, respectively. 

How these factors affect the altitude perform- 
ance of a modern unsupercharged aircraft en- 
gine, using standard N.A.C.A. atmospheric 
data(2), is shown in Fig. 2. A glance at this 
should suffice to indicate the occasion for super- 
charging military airplane engines, where it is 
so vitally important for the engine to be capable 
of developing full power at any level within its 
altitude range. 

By the use of a supercharger an engine which 
gave less than 30 per cent of its full power at 
30,000 feet can deliver 100 per cent power from 
sea level to that altitude, and beyond. Further, 
a plane having a speed of 250 miles per hour at sea level 
may attain a speed of 350 miles per hour at 30,000 feet 
for the same power and time-rate of fuel consumption. 
High-altitude flight under these conditions, therefore, 
yields marked improvements in range and economy. 

Superchargers can also be used effectively for “ground 
boosting”, that is, increasing the sea-level power of the 
engine, since the indicated mean effective pressure 
(I.M.E.P.) and horsepower are proportional to the intake 


*References in parentheses are listed at end of article. 
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Fig. 4—Horsepower required to compress air is a function of YT; 
which in turn is affected by pressure ratio and initial temperature 


(right). Variation of this function with altitude and discharge pres 








manifold absolute pressure (M.A.P.). With a moderate 





ga ‘ In | 
allowance for friction and accessory power loss in th of ¢ 
engine, the brake mean effective pressure (B.M.E.P.) ang f the 
horsepower likewise increase almost linearly with the B to | 
M.A.P. It is entirely practicable, for example, to increas less 


the output of an unsupercharged engine from 500 to 80 p 
horsepower by boosting the M.A.P. from 29 to 40 inches 


, ; of 
of mercury, absolute, without changing the speed. Thi req 
extra power is frequently of great value in facilitating take. cath 


off. the 

For cruising, power can be reduced either by reducing the 
the speed or the B.M.E.P., or both. If the propelle; 
efficiency is not impaired, it is more economical to yp. 
duce power by reducing the speed, keeping the B.MEP. 
as high as practicable. This is a consequence of the re. 
duction in engine friction losses at the lower speeds, 

However, a serious obstacle to the maintenance of high 
manifold pressures for cruising is the limited range of 
satisfactory operation of superchargers now in common \ 
use, as indicated in Fig. 3. The value Q represents the cur" 
volume flow of air supplied to the engine and is propor. 
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sure is shown by the series of curves at left 






tional to the engine power; N is the supercharger speed, 
which is the chief factor in determining the pressule 
(M.A.P.) supplied to the intake manifold. The useful « 
operating range of a supercharger refers to the spread” 
between the lower value of Q/N, usually established by 
the incidence of surging or instability, and the upper value j 
beyond which the efficiency falls off rapidly. Curve A 
is representative of the modern centrifugal supercharge 
and indicates the difficulty of attempting to reduce 
for low power outputs while maintaining N at a relative) 
ly high level in order to employ high manifold pressures 
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In addition to the fact that this tends to push the value 
of Q/N into the unstable region beyond the left end of 
the curve, a flexible speed control is required to allow N 
to be maintained when the engine speed is reduced to 
less than half of its maximum rating. 

Present-day aircraft engines consume about .12-pound 
of ake per minute per horsepower delivered. The power 
required to compress this air is determined chiefly by the 
ratio of the final to the initial absolute pressures p,/p,, and 
the absolute temperature T, degrees Fahr. absolute, of 
the inlet air. The theoretical power for isentropic com- 


pression(3) is given by: 


hp=.00573 Y T; per pound of air per minute...... (2) 
9 + 283 
where y=( **) aa! 
Pi 


Values of the function YT, are given in Fig. 4. The 
curves on the left are based on the assumption that p, 
and T, correspond to the standard N.A.C.A. atmospheric 
values of Fig. 2 for each altitude. Curves on the right 
give the same function for the particular pressure ratio 
and inlet temperature involved in any case. To obtain 
the compressor shaft input power the values obtained 
from Equation 2 must be divided by the efficiency. 

In many practical cases p, may be assumed to be equal 
to the prevailing atmospheric pressure in flight, since 
the pressure drop in the upstream induction system is 
roughly balanced by the “ram” or kinetic pressure of the 
slip-stream impinging upon the air scoop. For the typical 
internal geared supercharger p, is the manifold pressure. 
Assuming a compressor efficiency of 70 per cent, the 
supercharger power required to develop 1000 horsepower 
at 10,000 feet with a manifold pressure of 32 inches Hg 
can then be obtained from Fig. 4 and Equation 2 as fol- 
lows: YT,—65, air consumption—.12 1000120 
pounds per minute, and horsepower= (.00573 « 65 
120) /(.7) 63.8. This must again be divided by the 
mechanical efficiency of the drive train to obtain the 
power taken from the engine crankshaft. The pressure 
ratio in this case is 1.55. For comparison, a supercharger 
to maintain 40 inches of manifold pressure at 25,000 feet 
would have to develop a pressure ratio of 3.6, which 
would require an input of about 154 horsepower for a 
1000-horsepower engine. 


INTERCOOLER 


an 


INTERNAL 
SUPERCHARGER 


Unfortunately, air cannot be compressed even with the 
perfect efficiency of an isentropic process, without a sig- 
nificant rise in temperature, unless the heat of compres- 
sion is removed by cooling during the process. In air- 
craft superchargers it is not practicable to effect any ap- 
preciable amount of cooling in the compressor itself; in 
fact the surface area is so small relative to mass flow of 
air that the process is substantially adiabatic (and poly- 
tropic). 

For an adiabatic process the minimum temperature 
rise occurs in the case of reversible, isentropic compres- 
sion, that is, when the compressor efficiency is 100 per 
cent. In this case the ideal temperature rise is numerical- 
ly equal to the function YT, of Fig. 4 or T,—T,=YT,, 
and the actual temperature rise in any case is this value 
divided by the compressor efficiency. 

To determine the temperature rise of the air in the pre- 
ceding examples of supercharger power, for the 32-inch 
manifold pressure at 10,000 feet, T,—T,—YT,/0.7= 
65/0.7—=93 degrees Fahr., and for the 40-inch pressure 
at 25,000 feet, T,—T,—188/0.7—=269 degrees Fahr. 

With an inlet air temperature of —30 degrees Fahr., 
the manifold temperature in the latter case would be 239 
degrees Fahr. This would be intolerably high, and in 
practice the total pressure ratio of 3.6 involved in this 
case would be divided between two stages of compres- 
sion with an intercooler between them, as indicated in 
Fig. 5. Under typical conditions with this arrangement 
the manifold temperature would be reduced to 134 de- 
grees Fahr. 

There are at least three reasons for limiting the mani- 
fold temperature to the lowest practicable level: 


1. To avoid detonation or “knocking” in the engine, which 
has such a serious effect upon engine life as to con- 
stitute a major limitation to the allowable power rat- 
ing. As the mixture temperature increases, a richer 
mixture or fuel of higher octane rating must be em- 
ployed to maintain constant intensity of detonation. 

. To increase the density of the charge supplied to each 
cylinder, thereby increasing the power developed, 
Equation 1. 

8. To reduce the combustion and exhaust temperatures 

of the engine. 


to 


These are promoted by improving the efficiency of the 
supercharger, which reduces the temperature rise during 


compression. In addition, any improvement in first-stage 


Fiz. 5 — Schematic diazram 
shows arranvement of a turbo- 
supercharyed airplane power- 
plant wit internal supercharger 
geared to engine 





















efficiency reduces the work of compression in a second 
stage by reducing the value of T, in Equation 2. 

On the other hand, these same results can be promoted 
by increasing the effectiveness of the intercooler. In 
either case higher efficiency or effectiveness inevitably 
results in greater size and weight. Optimum installation 
design therefore calls for a careful compromise of these 
factors to obtain best overall performance, with due re- 
gard for total drag, power and supercharger operating 
speed. 

Principal elements of the centrifugal compressor are a 
multivaned impeller and an annular diffuser enclosed in a 
suitable casing, which includes a collector or scroll sur- 
rounding the diffuser. The impeller is driven at speeds 
of the order of 20,000 to 30,000 revolutions per minute, 
with peripheral velocities or tip speeds commonly reach- 
ing 1100 or 1200 feet per second. The impeller imparts 
energy to the air principally by giving it violent peripheral 
and angular acceleration, roughly half of this energy ap- 
pearing as static pressure rise and half as kinetic energy 
at the exit(4). The function of the diffuser is to convert 
as much as possible of the velocity of the high-speed air 
streams into further increase in the static pressure, by a 
process of efficient deceleration. 

Because of its high speed of operation the centrifugal 
supercharger has an exceptionally high volumetric capac- 
ity, making it especially well adapted to use in aircraft. 

In selecting a centrifugal compressor for a given super- 
charger application the following factors must be taken 
into account: 


— 


1. Capacity 5. Impeller Speed 

2. Max. pressure ratio 6. Mechanical ruggedness 
3. Efficiency 7. Size 

4. Range 8. Weight 


Capacity, usually expressed in pounds of air per minute, 
is governed primarily by impeller diameter, D, and revo- 
lutions per minute, N. For a series of similar machines 
the volumetric flow Q (cubic feet per minute) is propor- 
tional to ND*, so that all sizes of such a series should have 
the same value of Q/ND*. The 
basic capacity of the design, or 


“characteristic flow”, which 
Q/ND* represents can be_ in- 


creased by increasing the depth 
of the impeller passages or the 
relative area of the inlet. Any 
considerable departure from opti- 
mum proportions, however, will 
impair the efficiency. 

As previously indicated, a super- 
charger must deliver .12 pounds 
of air per minute per engine 
horsepower. Volume flow at any 
altitude is obtained by dividing 


Fig. 6—Cutaway view of turbo- 

supercharger unit shows turbine 

element below, compressor ele- 
ment above 
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mass flow by the density, to obtain the value of Q. Th 
machine must then be selected or adjusted to bring the 
rated value of Q/N to the appropriate point near the peg 
of the characteristic curve (Fig. 3). In practice, final ag. 
justment of the capacity of the compressor is accop. 
plished by suitably changing the angle and flow area o 
the diffusers (this is done by changing the entire diffuse, 
which is nonadjustable). The volume flow required ¢ 
maintain a given capacity increases rapidly with altitude 
becoming 6.6 times as great at 50,000 feet as at sea level, 

Maximum pressure ratio is an important criterion of the 
excellence of a given design, as it fixes the useful ceiling 
of the machine. 
centrifugal compressor is measured by the so-called “pres. 


The pressure-producing capacity of a 


sure coefficient”: 


~~ 


6083 Y T; 
vo 
where V is the impeller tip speed, feet per second. This 
coefficient compares the minimum energy theoretically 
required to compress the air between the pressures jn- 
volved in Y with the energy actually imparted to the air 
by the impeller, which is proportional to V?. From Equa- 
tion 3 the necessary operating speed to deliver the te- 
quired pressure ratio can be obtained, the value of YT, 
being taken from Fig. 4. 

In general, pressure coefficients for impellers with 
straight radial blades vary with Q/N in about the same 
manner as the efficiency (e,), as shown by the curves of 
Fig. 3. Although Equation 3 does net apply rigorously 
to impellers having curved blades, it nevertheless may be 
said that forwardly-curved blades produce relatively high 
pressure coefficients, in that a lower tip speed is re- 
quired for the same pressure ratio. This is secured, how- 
ever, at the expense of a considerable reduction in sta- 
bility and range of operation. 
backwardly-curved blades commonly show higher efficien- 
cies but lower pressure ratios for the same tip speed than 


Conversely, impellers with 
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0. Tk the straight-bladed type. 7 . 

bring the Substituting the value of Y in Equation 3 it can be 
the peg, |, shown that 

final ad- D: nV? 3.534 

S accom. Pp (1 * 6083 =e) Oe amen iat 2 rence (4) 

V area of F . . ‘ . 

diffuser The maximum pressure ratio which a given machine can 

yuired ‘ develop is usually limited by the allowable stresses due 
altitude | © centrifugal force, which is proportional to the square 
uoitude. . — oO 

sea level of the speed. But if this is not the limiting factor there 

on of the 8 4 general tendency for the pressure coefficient and 

Il ceiling | ™28e to decrease at high speeds, as indicated by the 

ity of ‘ ' change from curve A to curve B in Fig. 3. The ultimate 

od — ceiling may be reached at the point where the value of » 

collapses so that there is no further increase in pressure 
with speed. 

wean (3) 

id. This 

retically 

ures in- 

) the air 

n Equa- 

the re- 

of YT, 

rs with i. 

1e same 

irves of 

rorously 

may be Fig. 7—Side view of turbo-supercharger. At lower left is 

ly high waste gate which by-passes excess gas to the atmosphere 
is re- 


1, how- 
in sta- 
rs with 
fFicien- 
-d than 


Efficiency of a centrifugal compressor depends almost 
entirely upon how successfully the air is introduced into 
the impeller and conducted through the passages of the 
machine without shock, flow-separation or turbulence. 
This sounds much simpler than it actually is. The air 
entering the impeller is given a sudden, terrific accelera- 
tion, sometimes reaching a figure of 6,000,000 feet per 
second per second, or 186,000 times gravity. The in- 
ternal air velocities are commonly of the order of 1000 to 
1200 feet per second at the diffuser entrance. The latter 
figure would exceed the velocity of sound (about 1088 
feet per second at 32 degrees Fahr.) except for the fact 
that this velocity increases in proportion to the square 
root of the absolute temperature, which increases con- 
siderably with the speed. At these speeds the air par- 
ticles tend to travel through the flow passages like rifle 
bullets, so that it is difficult to make them turn corners 
and fill the varying flow sections without separation. 

At the higher air velocities associated with relatively 
high volume flow and tip speeds the performance of the 
compressor is usually limited by the occurrence of shock 
waves manifested by sudden changes in pressure with 
high energy losses, as the velocity at the diffuser entrance 
approaches the sonic or acoustic value. The tendency of 











these shock losses to occur is measured by the so-called 
“Mach number”, which is simply the ratio of the air ve- 
locity, u, to the velocity of sound, C, at the local tem- 
perature (or any convenient reference temperature). 
Since the critical value of u is determined by and is near- 
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Fig. 8—Available energy in exhaust for fuel-air ratio .975 
For other mixtures multiply by correction factor 


ly equal to the tip speed, V, and since C=49 (T)” it is 
convenient to express the local Mach number as M= 
V/49(T)%. Unfortunately, the local value of T at the 
diffuser inlet is usually not known, but for a given value 
of V it is determined by the inlet air temperature, T,, so 
that it is still more convenient to use a distorted Mach 
number M,—V/49(T,)% in comparing the basic ef- 
ficiencies of different compressors. This means that all 
of the values of efficiency versus Q/N should fall on the 
same curve, as A in Fig. 3, for a constant value of M, no 
matter how the speed and inlet temperature may be 
varied. A higher value of M, would tend to reduce the 
performance in the direction of curve B. 

Since efficiency, pressure coefficient and range are thus 
impaired by the high speeds and low temperatures re- 
quired for high-altitude operation it is customary to em- 
ploy two stages of compression when the total pressure 
ratio is greater than about two or three to one. How- 
ever, there is always a strong incentive to develop single- 
stage designs to yield the utmost in pressure ratio with- 
out too great sacrifices in performance, for reasons of 
mechanical simplicity, weight and size. 

Significance of the problem of operating range has al- 
ready been indicated above. The problem is becoming 
progressively more acute as the spread between maximum 
and minimum engine power increases and as higher alti- 
tudes call for higher supercharger speeds. One expedient 
for increasing range is the use of a ring-type or vaneless 
diffuser, which gives the type of performance represented 
by curve C of Fig. 3. However, the penalty is usually a 
substantial increase in size(5) or else a loss in efficiency 
and pressure coefficient (6). 

Speed, mechanical ruggedness and weight are closely 
interrelated factors. The high speeds at which centrifugal 
superchargers operate not only set up high centrifugal 
stresses in the impeller but also generate vigorous vibra- 
tions in all parts of the machine, due to resonance effects 

(Continued on Page 214) 
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Drajting Standards Revised 





Fig. 1—New standard will approve unidirectional dimensioning 
(right) which is advantageous for large drawings, as well as the 


more conventional aligned system (left) 


Fig. 2—Letters identifying section are placed in circle as numerator 
of fraction, denominator showing sheet on which section appears 


Sheet number on 


wkich section 
appears. 





LTHOUGH the American Standard for Drawings 
and Drafting Room Practice (A.S.A—Z14.1) 
which was approved by the American Standards 
Association in May, 1935 was well received and widely ap- 
proved, it has for some time been felt that many compara- 
tively new techniques and practices should now be re- 
viewed and incorporated into a revised standard if found 
to be sound and deserving of recognition. In consequence 
of this belief, such a revision has been proposed by the 
sectional committee and is now being studied, reviewed, 
and edited in preparation for approval. 
The principal additions to the 1935 standard which it 
is believed will be of interest and value are: 
1. Approval of the “unidirectional” system of dimen- 


*Chairman of the subcommittee on revision of the standards for 
Drawings and Drafting Room Practice of the American Standards as- 
sociation. 
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By F. G. Higbee* 


University of lowa 


sioning, Fig. 1. Since this practice has be- 

come common in aircraft and automotive 

drafting the standards now recognize this 
system, which places all dimension figures to 
read from one side of the sheet 

2. A standardization of names for the sever- 

al auxiliary views in general use 

3. A more complete statement of structural 

dimensioning practice 

4. New methods for identifying sections by 

the use of lines, letters and numbers (Fig. 2) 

5. An enlargement of the present material on 

dimensions, dimensioning practices and limit 

dimensioning 

6. A reconsideration and study of methods 

for the indication of finish and of surface 

quality. This matter is still under survey 
and study 

7. General editorial revisions of both text 

and illustrations to clarify and amplify points 

about which inquiry has been made. 

At the time the first standard was being con- 
sidered, all sorts of slang, conventional representa- 
tions, idiomatic expressions, colloquialisms, and 
ungrammatical forms were being used with no 
authority except that each concern found a need 
for some way of graphically expressing an idea 
and, in the absence of a standard, had devised 
their own. 

The principles on which a standard is accepted 
and established are common-sense rules. The 
fact that a large number do it this way or that 
way is of no great influence. Every representa- 

tion is scrutinized to see if it satisfies cer 
tain conditions: First and foremost, it must clearly indi- 
cate its meaning without ambiguity; second, it must be in 
accord with generally accepted theories of graphic repre 
sentation; third, it must be as simple as possible so as to be 
economical to use; and fourth, when all three foregoing 
conditions are satisfied, it must be practical. 

It was not expected when the first standard was pub- 
lished in 1935 that a universal revision of individual prac 
tices would take place at once. There has been, howevel. 
a gratifying response. The published literature, both 
textbooks and technical magazines, show the influence ol 
these standards, and scores of letters approving the pro 
posed revisions indicate how widely industry is already 
in agreement. There is no question that year by year the 
language of drawing approaches steadily that ideal condi- 
tion where uniformity is universal. 
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Fig. 1 — Assembly - line 
trucks in aircraft engine 
plant utilize straight-fork 
casters with grooved 
wheels. Track is inverted 
angle iron, reducing 
hazard of obstructions 


as. be- 


“| Selecting 


Sever- 


= Wheels and Casters 
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‘ial on 
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Part Il 


sr tor them in the original layout of the machine. 
aie Delicate loads require shock-absorbing wheel treads, 
" &§ ae token We Gee such as leather or rubber to reduce vibration and shock. 

7 7m : ve Also the diameter of the wheel should be larger than 
otherwise would be used. Many a fine unit, embodying 

dozens of man-hours of work and hundreds of dollars 

worth of delicate parts, is mounted on a set of casters 


1 text 
points 


ng con- 
resenta- 
ns, and 
with no 
a need 
an idea 
devised | °F comparison with similar applica- 
tions is necessary, as well as knowl- 
ocepted edge of standard types available. Cer- 

The | ‘ain basic factors, however, are al- 
or that | Ways present for consideration. These 
are briefly: 


fast rules or formulas which 
govern the selection of a caster 
for a particular application, experience 


B test rut there are no hard and 


resenta- 

eS cel- 1. Value of equipment 
ly indi- 2. Weight of load 

t be in 3. Floor conditions 

. repre- 4. Movement desired 

s to be 5. Mounting method 


egoing | Evaluation of these five factors leads 
to a selection which may be modified 





s pub- — Within limits to achieve a satisfactory 

| prac- application of standard casters with- 

wever, — Out the delay and costs involved with 

both special designs. 

nce of Value of equipment to which cast- 

ie pro’ fF rs are applied often escapes the pri- 

ready f Mary attention it deserves. Too fre- 

or the quently casters are regarded as ap- Fig. 2—Large, heavy refrigerating unit utilizes eight eight-inch phenolic plastic 
condi- nendages to be added after the equip- swivel casters. Unit is truck-drawn for long hauls and manually pushed for 

ment is dccianed Seiad at providing positioning in close quarters 
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Fig. 3—Typical caster arrangements for general conditions 

involving long-distance travel or movement in close 

quarters: (a) For long distances and easy steering; (b) for 

low, lightweight units for easy turning in close quarters; 

(c) for light machines moving in small areas; (d) for small 

areas where machine must move sideways; (e) for heavy 
loads and movement over long distances 


whose quality is out of proportion to the value of the load. 
Insufficient attention alsc is given in some cases to the 
goodwill of the operator who is expected to push the 
unit about, thus taking the chance that an excellent ma- 
chine might not have maximum utility because of neglect 
of this point. 

In Fig. 1 are shown conveyor trucks for assembling 
aircraft engines. The casters have straight forks with V- 
grooved wheels running on grouted angle-iron tracks. 
These tracks stop excessive vibration otherwise experi- 
enced when large, heavy assemblies are being moved 
over uneven floors. Floor surfaces are saved in this way 
and obstructions which might cause damage are elim- 
inated by the self-cleaning inverted V-track. 

Weight of load determines the minimum size of caster 

that may be employed. As a general rule, it is always 
desirable to use the largest size wheel the design of the 
equipment will permit because large wheels roll more 
easily than small ones. 
_ Distribution of weight over the wheels should be given 
every possible consideration to provide maximum maneu- 
verability and ease of operation. In this way it is pos- 
sible to have the nonswivel wheels carry the greater load, 
effecting two advantages: Greater stability and lower 
mounting heights are possible by allowing the use of 
swivel casters smaller than the nonswivel ones. Easier 
steering and pushing are obtained by reducing the thrust 
on the swivel offset and by carrying the major load on 
the larger wheels. 

Many heavy-duty casters are carrying loads as high as 
10,000 pounds each and are now being used in installa- 
tions for the handling of landing barges weighing as much 
as 50 tons on specially designed cradles with multiple 
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unit casters. The refrigerating unit shown in Fig. 2 hy 
a total weight of 12,500 pounds when loaded. The long 
span of the underframe dictated the use of center Sup 
porting casters in addition to those at each corner of the 
cabinet. For maneuverability in close quarters, all gy. 
ers are swivel. Eight-inch resinoid wheels are employe; 
for load rating and because their size provides ease of inp 
bility when moved by hand. As the cabinet is require 
also to be transported several times daily by power trud 
the large wheels provide easier travel with less wear 
the wheels. The phenolic resin wheel was selected }y. 
cause travel is over wooden floors where a certain amoy 
of oil, grease, and chips are present. 

If the floor over which a machine is to travel is ep. 











Fig. 4—Short base on six-foot high X-ray unit necessitates 
use of four and eight-inch diameter wheels with relatively 
wide faces to guard against tipping or dropping into cracks 


crete, steel wheels may be employed. Often, howevel 
the hammering effect over light bumps and the resulting 
wear of steel on concrete necessitates the employment “ 
softer wheel materials or wheel tires, such as rubber “ 
phenolic materials. These have the additional advantag' 
of deadening sound. 

For general all-purpose applications, many users hat 
found that rubber wheels of about 80 durometer hart: 
ness are satisfactory for both the swivel and _nonswité 
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yneels. Others prefer to use a relatively soft material 
for the NOnsW1\ el wheel and harder materials tor the 
qivel ones. The first approach, where practical, has 
the advantage of reduction in inventory parts, but the 
latter is utilized especially where it is desirable to pro- 
vide shock-absorbing properties and easy operation. 

A wheel rolling on a smooth floor is not subjected to 
crushing impacts. One that is intended to roll on a rough 
floor, however, may require several times the strength of 
the former and a larger diameter to efficiently carry the 
same load. For instance, an eight-inch diameter whee! 
will roll over a crack in a concrete floor one-inch wide 
without any great shock or strain but a four-inch wheel 
will be given a tremendous hammer blow. A crown on 
the wheel face is desirable, particularly for the swivel 
caster, to allow freedom in turning, except where the 
loads carried are sufficiently heavy to mar composition 
floors, etc. 

A few typical casters are listed in the accompanying 
tabulation showing the type of wheel, diameter and face, 
together with average recommended loads based on sev- 
eral makes of casters. Wheel bearings for lightweight 
machines are usually plain, heavier loads requiring anti- 
friction types. For the majority of applications which 
are under 1000 pounds, ball bearings are utilized because 
they take thrust and are economical for most purposes. 
When loads become heavier, roller or needle bearings of 
the precision types are employed. If thrust loads are 
encountered on heavier types of machines, taper bearings 
are utilized. 


Fig. 5—Various mounting arrangements available as 
standard. At (a) is flat plate for mounting to base; (b) 
expansion stem for tubular legs; (c) stem with friction ring 
requiring reamed or drilled hole in tubing or base; (d) angle 
stem for angle-iron leg or sheet-steel body; (e) threaded 
stem for drilled bedplate; (f) tapered thread stem for pipe 


| fitting; (g) large stem for welding or setscrews; (h) special 


bracket for edge mounting 


Movement desired depends on the service for which 
the unit is intended, whether traveling long trips, maneu- 
vering in close quarters or combining both. Basically 
there are five general arrangements of wheels as shown 
in Fig. 3. At a is shown the most common and best 
suitea for general-purpose mobility. It is the most prac- 
tical for long distances, it steers well and has maximum 
stability. Pushing handle is at the swivel-caster end be- 
cause. from this end the rolling parts are more easily 
steered. If pushed from the other end, steering is dif- 
ficult in that it is necessary to exert sufficient thrust 
against the nonswivel wheels to cause the swivel to turn. 

Diamond arrangement shown in Fig. 3b is useful where 
it is desirable to pivot in machine length. It may be 
pushed equally well from either end and is especially 
adaptable to taking turns and curves easily besides han- 
dling well on straight-away. Because of the arrangement, 
some stability is sacrificed due to restricted bearing points. 

Three-wheel style, Fig. 3c, with single swivel at “push- 
ing end”, has all of the advantages of Fig. 3a except that 
it is considerably unstable. This design is restricted to 
light loads and for movement in small areas. Most of 
the weight necessarily must be over the rigid forks to 
reduce tipping hazards. 

In Fig. 3d is a four-swivel arrangement which is com- 
monly used for office equipment such as adding machines. 
It is highly maneuverable in small areas and may be 
pushed in any direction within confined quarters. It is 
not satisfactory for long distances. 
machines this arrangement may be expanded to three or 


For heavier, large 


four pairs of casters as shown in Fig. 2. For heavy loads 
that are pushed long distances, the design shown in Fig. 
3e may be used, employing a pair of central rigid fork 
casters and a pair of swivels at each end. 

The mobile X-ray unit, Fig. 4, weighing approximately 
500 pounds, uses eight-inch wheels at the front and 5- 
inch swivel casters at the back or pushing end. Wheel 
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face is selected as wide as possible to reduce possibility 
ot a wheel dropping into a crack and upsetting the deli- 
cate six-foot high instrument. Due to the mobility re- 
quired in small spaces the wheel base is of necessity 
short, increasing tne stability problem and necessitating 
that the center of gravity be kept as low as possible. 
With respect to mounting methods there is a large 
variety available, typical of which are those shown in Fig. 
5, for both rigid-fork and swivel types. As with the 
selection of wheel diameter and face, it is advantageous 
to utilize standard fittings. Most generally used is the 
flat-plate type shown in Fig. 5a. Readily bolted to the 
base or a frame member, mounting dimensions vary with 
the size and load capacity required. Fig. 5b shows a 
common type of expansion stem caster. Designed to fit 
ordinary commercial tubing, it is more economical to as- 
semble than other forms of stem casters but is more ex- 
pensive. Expanding stems utilizing rubber sleeves are 
also employed for this purpose. Best use is for commer- 
cial tubing that is too thin to thread or where other re- 
strictions in manufacturing are met. Fig. 5c illustrates 
a plain stem with a friction snap ring fitted into a groove 
at the upper end of the stem. This type is designed for 
use in small diameter tubing or pipe. Drilling or ream- 
ing is required, however, for the close tolerances needed. 
At d is a stem for fitting inside angle-iron legs or vertical 
surfaces of formed bases. It may be welded, riveted or 
bolted to the assembly. There are many variations of 
threaded stem, two typical ones being shown at e and f. 
The former is for attachment to any type of drilled base 
where a locking nut is wanted, whereas the latter is for 
standard pipe fittings. Round or square stems of the 
type shown at g are for large size casters and are attached 
either by welding or setscrew. Square stems are drilled 
for riveting or bolting if desired. Angle bracket for at- 








Fig. 6—Spot-welding control unit employs floating-hub 
swivel casters to protect delicate equipment from shocks 
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Typical Load Ratings 


Diameter Face Capacity 
Type (in.) (in.) (Ib) 
if 2 %4 75 
, | 3 % 85 

> . 

Phenolic l 4 Ys 100 
| 5 % 125 
; ; 8 2% 1400 
Phenolic—Heavy Duty 10 2% 1500 
f 3 y 85 
ee | 5 % 100 
Rubber Tired 6 2% 430 
| 10 2% 600 
{ 2 % 75 
| 2% 1% 200 
&: |} 3% 1% 350 
Steel ) 5 1% 525 
| 6 1% 550 
| 8 1% 600 
( 5 2% 1200 
| 6 2% 1200 
Steel—Heavy Duty { 8 2Y, 1500 
| 10 2% 1600 
| 10 3% 10,000 


tachment to a box-like body is shown at h. 

Offset of swivel, often called rake or lead, is more o 
less standard, increase of offset requiring a special design, 
Offset selected as standard has the wheel center within 
the vertical projection of the swivel bearing, giving a 
swivel effect without undue thrust‘on the swivel bearing 
and kingpin. Larger offsets would require larger swivel 
bearings for slightly increased ease of turning.  Increas- 
ing the offset also tends to decrease the stability of the 
unit, multiplying the hazards of tipping when the swivels 
are turned inward. 

Swivel bearings usually are of the double ball race 
types because of the necessity for easy turning against the 


thrust exerted by the offset of the fork. Some utilize | 


taper bearings on the kingpin stem in addition to the 
thrust ball bearing to effect an easy-turning fork. Cor- 
respondingly larger holes are required, however, in the 
machine base to provide for the increased diameter. 

Brakes of various types have been employed to hold 
a machine in its operating position. These may be in- 
corporated in the casters themselves or designed sep- 
arately. Common types of special designs include 
snubbers which lower to the floor or retractable casters 
which set the machine on auxiliary feet. 

Because of the scarcity of pneumatic tires, sever 
methods have been developed for protecting delicate in- 
struments in mobile equipment. One such development 
is a “floating hub” caster shown mounted on the spot 
welding unit in Fig. 6. In this type the load is carried 
off center in such a way that the wheel tends to ride ovet 
bumps without lifting the load, due to the action of a 
shock-absorbing spring on the eccentric hub. — This 
mounting also tends to keep all wheels in contact with 
the floor and reduce distortion due to uneven floors. 

The right casters properly applied will facilitate move- 
ment of mobile equipment and reduce maintenance costs. 
These factors are sufficiently important to warrant ade- 
quate attention to proper selection and specification. 

Cooperation of the following companies in supplying illus 
trations and data is gratefully acknowledged: The Bassick 
Co., Figs. 3 and 6; Buffalo Caster and Wheel Corp.; The 
Colson Corp., Fig. 5; Divine Brothers Co.; Faultless Caster 
Corp., Fig. 1; Nice Ball Bearing Co.; Picker X-Ray Corp, 
Fig. 4; and Rapids Standard Co., Fig. 2. 
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al effects of the addition of 

alloys in the last issue, this 
article will consider the specific ef- 
fects of each element or commonly 
ysed combinations of elements. 


H AVING discussed the gener- 


Emphasis has been placed on 
the importance of employing car- 
bon and low alloy steels to secure 
a wider disposition of the nation’s 
alloying elements during the war 
emergency. An interesting exam- 
ple of such an application is shown 
by the crane in Fig. 104. To han- 
dle capacity loads perpendicular 
to the track the “center outrigger” 
beam, seen projecting from under 
the lower structure, is extended and 
provided with suitable support at 
its end. This heavily loaded mem- 
ber, designed into a very small 
space, has a 15-inch wide by 2%4- 
inch thick flange. It is cast from a 
65 per cent Cr, .95 Mn, .40 C 
steel and, after suitable annealing 
to refine the structure, is quenched 
in oil and tempered at 1100 de- 
grees. Sufficient alloying element 
has been provided to assure a fine 
pearlitic structure of high strength 
and excellent ductility. 

Utilization of alloys in machin- 
ery will sometimes pay in the de- 
sign far beyond their intrinsic val- 
ue. Through the use of heat- 
treated alloy shafts and gears in 
the operating machinerv of Fig. 
105, a reduction in the size of 
these members is possible permit- 
ting similar reductions in all other 
related parts. This allows a more 
satisfactorv disposition of the work- 
ing parts in the narrow confines of 


Fig. 104—Top—Modern alloy steels 
have made possible the develop- 
ment of compact, efficient, heavy- 
duty locomotive cranes. Center 
outrigger beam and crane hook are 
interesting examples of structural 
applications of low-alloy, heat- 
treated steels 


Fig. 105—Right—Operating ma- 
Chinery of crane in Fig. 104. 
Power shafting is SAE 4140, gears 
are 4145, toggle, sheave and other 
large size high-wearing pins are 
4615 cased; oil quenched, tempered 
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the structure, facilitating both operation and maintenance. 

Rather than making any pretense to being a handbook 
for the selection of steels, the intention of this series of 
articles is rather to present the effects of changes in compo- 
sition and heat treatment on the metallographic structure 
and physical characteristics of the steel, leaving for the 
many well-recognized sources the supplying of exact 
quantitative information. A word of caution is in order, 
however, in regard to the use of the physical property 
charts common to such handbooks. In general they are 
based on small sizes (%4 to 1% inches in diameter) and 
are average figures intended to be representative of com- 
mercial heats of steel commercially heat treated. 

Due allowance in design work must be made for varia- 
tions from the average and for larger sizes. In parts 
of any mass the strength at the center, after the quench, 
will be lower than that of the outside surface, and with 
large sizes the outside strength will also drop. Figs. 106 
and 107 show hardness traverses of 5-inch diameter 
rounds—data being from U.S.S. Carilloy Steels and from 
Bain(1)+. Fig. 98 of the preceding article covered dif- 
ferent sizes of a .40 C steel. While it is true that the tem- 
pering operation reduces this spread, generally it will 


tReferences in parentheses are listed at end of article. 


The Effect of Adding Alloying 


still be present to some extent. Whenever considering 
physical properties attention must be paid to the size 
section treated and tested, and to the location of the tes 
bar in the section. Serious errors will be introduced jy 
working with large sections if this is ignored. 

The accompanying tabulation shows the more commoy 
effects of alloying elements in constructional steels. Dat, 
includes the average percentage of added elements. 
base warehouse price of rounds without extras; tendency 
to form carbides which will remain undissolved, cop. 
tributing to fine grain and, in some cases, to wear quali- 
ties; relative sluggishness in dissolving in the austenite 
necessitating higher or longer heating to obtain hardness 
after the quench; the heating critical temperature whic) 
determines the minimum quenching temperature; hard- 
enability in terms of the size round that will harden be. 
yond rockwell C50 for half its diameter; the cooling rate 
required for rockwell C50; and resistance to tempering. 

Here, as in most charts, the data is average and not 
minimum; considerable variation can be expected from 
one plant to another with alterations in the heat-treating 
practices, changes in chemical content within specification 
range, grain size and so forth. 
tracted from the references included with this and the 


Data have been ex- 


Elements to Steel’ 
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| Per Cent of Added Relative Rate U 
e! : er : rans ae. || 
Added Elements i. | we Elements Base Carbide | of Solution | Griticas | 274 Brinaoll Hardness at Contor | nd 
and Steel Type Specifi- | A.LS.L. Price? Forming and Homo- on Water Oil i: o 1300 
| ‘cation | Specifi- |——— <j ee Tendency — genization in teating? |__—s« Quench Quench 9 at) Ob 
| cation First | Second | Third Austenite Center Center | 000F° | Rik 
| Dia. | Hard Dia. Hard | Ci 
45% Carbon Steel | 1045 | C 1045 | 3.70 Very 1450 1% 225 3% 125 - 135 
} Rapid 
Carbon Spring Steel . 1095 7 Cc 1095 q 5.45 Very 1360 1% 375 34 450 - 100 
| Rapid 
Molybdenum aaa paeenn | A 4042 g 25 | Strong Moderate 1475* | 1% 375 3, 125 180 | 100 
| | | | 
Chrome-Vanadium ai 6140 | AGL 45 | 95 | 85 9.00 Strong Slow 1455 134 450 % 350 235 (5) 
| | | | ve LS: al - 
Manganese  —S«|—«'T':'1340 |NE 1340) 1.50 4.05 For | Moderate Rapid 1435 1% 350 l 125 90 60 
| X 1935 | C1137 | 1.75 X 1335 1420 Bt». 
Chromium 5140 | A 5140 80 | -- Moderate | Moderate | 1440 1% 350 l 125 140 60 
Chrome Bearing Steel | 52100 |E52100| 1.35 11.50 Very Slow 1415 | 1% | 373 | 1 400 | 170* | 6 
| | Strong 5 ie 
Silico-Manganese 9260 | A 9260 | 2.00 | 90 ‘ 8.95 | Moderate Rapid 1500 2% 375 14% 450 200 12; 
Chrome-Nickel | 3140 | A3140| 65 | 1.25 7.15 | Moderate | Moderate | 1415 | 2% | 375 | 1% | 3753 | 190 | # 
Nickel-Molybdenum ~ 4640— | E 4640 1.80 25 8.60 Moderate Very 1430 2% 325 1% 100 220* | 3 
Sluggish i 
Manganese-Moly. NE 8442) 1.45 . {| — Strong Sluggish 1450* | 23, 100 1 5% 160 250* | 3h 
Nickel | 9340] A 2340 3.50 | 8.85 None Slow 1360 3 375 134 160 89 2h 
Chrome-Molybdenum | 41 0 | A 4140 | 1.05 .20 6.90 Strong Sluggish 1460 3 375 1 34 160 240 2th 
| 
Ni.-Cr.-Mo.-Mn.-Si. — (NE 9442) .35 | 30.11, 1.15, 7.40 | Moderate Slow 1450* | 3 110134 475 | 180% | 2h 
50 2 
Chrome-Nickel 3240 t A 32 10 | 1.05 1.80 8.25 Moderate Sluggish 1425 3% 100 1% 475 200 2 
Nickel-Chrome Moly. | 4340 | A 4340 1.80 .80 25 8.85 Strong Very 1425 114 160 3% 180 250* 10 
} | | Sluggish | = 
Chrome-Nickel 3250 — 1.30 | 1.% 8.25 Moderate Very 1375 5% 1% 200 , 
| Sluggish — 


Size of Round That Will Harden | Cou 
for 4% Its Dia. to Rockwell C-50* | Resis- py 














*Estimated 
(1) Conservative figures representative of commercial heats of steel, 
grain size 6 to 8, commercially heated and quenched. 


(2) Chicago warehouse price on 500 /1000 pound lots, hot-rolled, annealed 
rounds except 1045 and X1335 as rolled. 


(3) Quenching temperatures will run 50 to 150 degrees higher, depending 
upon heating practice and alloys. 
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(4) Values will be improved by longer and higher heating, vigorous — 
tion of the quench, alloy content on hizh side, etc., reduced by opps! 
practices. 

(5) Increase in tempering temperature to obtain same hardness values as 
plain carbon steel. 

(6) This is lower than the critical cooling rate necessary for @ fully 

martensitic structure. 
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preceding article. It has been carefully considered and 
is believed ‘0 be conservatively representative of good 
commercial practice. Surface hardnesses to be expected 
ae from 550 to 600 brinell, except on the 1095 and 
52100 on which values up to rockwell C66 may be ex- 
pected. 

In Fig. !US are Jominy end-quench curves for most 
of the steels given in the chart. These data have been 
taken from (17), (18) and (19), and compared with 
other data where available. On the whole, surprisingly 
good agreement was found, particularly with the work of 
later investigators. An idea of the variations to be anti- 
cipated from one heat to another is given in (18) and (20), 
the effect of varying the heating temperature and holding 
time in (11), and curves of end-quench bars drawn back 
at various temperatures in (12). 

The chart of Fig. 45° will permit of determining the 
rockwell value from the Jominy test and the cooling rate. 
For example, if it is known that at a given point the 
quenching practice will give a cooling rate of 18 degrees 
per second, from Fig. 45 this cooling rate exists at a Jom- 
iny of %4-inch. If NE 8442 is used for this part the rock- 
well at the point in question, from Fig. 108, would be C42 
as quenched, and if it were NE 9442 it would be C47. 

Cooling rates at several points in rounds and the cor- 
responding Jominy distance are given in Fig. 109. Ap- 
proximate hardness traverses, similar to Figs. 1038, 111 
and 112, may be obtained from this figure as has been 
done for SAE 3240 in Fig. 110. From Fig. 109 the Jom- 
iny distance for the center of a 4-inch round, oil-quenched, 
is 1 138/16 and, from Fig. 108, SAE 3240 will have a 
rockwell of C33 at this distance. Midradius values are 
1% inches and C44; % radius, 1% and C35; and at the 
surface %-inch and C43. In similar fashion the water- 
quench curve was obtained. The solid curves have been 
taken from (5). Lower values of the derived curves 
are indicative of the conservativeness of the data present- 
ed here. As previously stated, actual results will vary with 
grain size, alloy variations, and heating and quenching. 


Effects of Alloys 


The remainder of this discussion will be concerned with 
the specific effects of the alloying elements. 


NickeL: Nickel does not complicate the steel-making 
practice, practically no loss occurring in the furnace. It 
may be fully recovered from scrap, an important factor in 
the development of the NE steels. Since no carbides of 
nickel are formed, it is invariably present in constructional 
steels dissolved in the ferrite, in which it acts to strengthen 
the matrix of pearlitic steels and perhaps, to a slight 
extent, that of martensitic structures. 

Presence of nickel lowers the upper critical tempera- 
ture. For example, on heating SAE 2340, it is dropped 
nearly 100 degrees below that of a plain carbon steel, 
while on slow cooling it is well over 200 degrees (14). 
Theoretically, this permits of quenching from lower tem- 
peratures, thereby reducing warpage and danger of crack- 
ing. Practically, owing to the sluggishness of nickel- 
bearing austenite (compared with that of an unalloyed ) 
in picking up the carbides and diffusing to a homogeneous 
distribution, this quality is of little commercial value. 
It is necessary instead to heat appreciably above the criti- 


*MACHINE DESIGN, Dec., 1942. 
§Macuive DesicN, July, 1943. 
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Fig. 106—Above—Hardness traverses across 5-inch 
rounds of various SAE alloy steels, water quenched 


Fig. 107—Below—Hardness traverses for various SAE 
steels shown in Fig. 106 but with oil quench 





It can be 


cal to assure solution and homogenization. 
utilized only by lowering the temperature prior to the 
quench, a practice theoretically sound and desirable 
but seldom employed commercially. 

Nickel in the amounts generally used contributes a 
marked increase in hardenability, as disclosed in the table 
previously discussed, and the Jominy curves of Fig. 108. 
It has some value in resisting grain growth, the effect be- 
ing not nearly as great as that of the carbide-forming 
Like most alloys it reduces also the carbon con- 
Nickel also imparts 


elements. 
tent necessary for the eutectoid. 
some resistance to atmospheric corrosion. 

Nickel is reported as reducing slightly the rate of car- 
bon penetration on case hardening. It has the same value 
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as Other alloys in promoting hardenability of the case, 
permitting oil quenching on sections that might other- 
wise have to be water quenched,' and increasing core 
strength. On large case-hardened sections, where the 
core structure remains pearlitic, its ferrite strengthening 
gives a definite improvement in core properties. 

Probably the oldest alloying element added to steel, 
nickel remains outstanding. While unquestionably de- 
manded for many unnecessary applications, there is no 
denying its value for many stringent requirements. Used 
in early days in “as-rolled” structural steels, its use now 
includes heat-treated shafting, gears and machine parts 
of all types; semi-tool steels where, for applications in- 
volving high stress concentrations, it seems to be almost 
without a substitute; and a variety of specialized uses as 
stainless, heat resisting, austenitic manganese as well as 
other alloys. Impact values of nickel steels continue well 
down to extremely low temperatures, particularly as used 
in the pearlitic form. Endurance limits are excellent, 
Bullens (3) reporting 2 per cent stay-bolt steel as having 
a ratio of 73 per cent of its ultimate, a value that exceeds 
the 64 per cent ratio of the yield. 

From Janitsky’s data (14) and that of (34), there 
would seem to be little justification for the common as- 
sumption that nickel steels, in the fully hardened condi- 
tion and tempered to the same hardness values, have 
higher ductility or yield than other alloys. Actually, 
there would seem to be little difference between the vari- 
ous alloys, nowhere near as much variation as the variables 
of heat-treating practice. 

Curomium: Chromium offers some complication to 
steel making, oxidizing from the bath with appreciable 
losses both from scrap residues and additions. Its cheap- 
ness however, and the lower quantities employed com- 
pared with nickel, offset somewhat this loss. In the 
absence of carbon it will be present dissolved in the fer- 
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Fig. 108—Jominy end-quench tests on a number 
of .40 carbon alloy steels 
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rite, acting to strengthen the matrix much in the fashio, 
of nickel. It is used for this purpose in the “low-alloy 
high-tensile” steels in amounts running generally from 1, 
to 1% per cent, with carbon under .10 per cent. Ip the 
presence of sufficient carbon the bulk of the chromiyy 
will be present as a carbide. In the amounts commo 
in the SAE steels—.8 in 5140 steel and 1.35 in the 52]9 
chrome-bearing steel—it is present chiefly as carbide 


Potential Hardenability Is Not Realized 


Chromium carbides are rather sluggish in absorptio) 
into the austenite, requiring higher heating for full soly. 
tion and hardenability. When not in solution they ac 
to restrict grain growth so that generally full advantag 
is not taken of the potential hardenability. 

Chromium introduces a mild resistance to atmospheric 
corrosion, increasing with amount up to 12 per cent at 
which a marked improvement is noted. 
tion in case hardening is reported improved by this ele. 
ment (3), generally resulting in a higher surface carbo 
content. This makes chrome carburizing grades excel- 
lent for parts calling for high wear resistance. 

Next to nickel in age of use, chromium has found wick 
application, particularly in heat-treated stocks. While 
employed primarily in combination with other alloys it 


Carbon absorp. 


has considerable use in the chrome-carbon grades. Chro- 
mium carbides are more wear resistant than iron car- 
bides. It is necessary, however, that a considerable quan- 
tity of carbon be present and that the carbides be not 
dissolved fully. It is this quality together with econom 
that has resulted in the almost universal selection of SAE 
52100 for ball bearings and applications such as wear 
plates, ball mills, crusher machinery, etc. (21). 

CHROME-NICKEL: The combination of nickel and chro- 
mium gives an alloy that has for long been justly popular. 
The nickel will be present dissolved in the ferrite where- 
as in all but the very low carbon grades the chromium 
will be present primarily as the carbide. The one acts 
to strengthen any pearlite present, the other introduces 
slip interference in the hardened zones, and together they 
improve hardenability. Until a few years ago this com- 
bination unquestionably formed the most popular alloy 
steels for gears, shafting and other machine parts. Its 
occupation of this field is being challenged today by the 
lower price and higher hardenability of the 4100 series, 
and by the NE grades. 

Compared with the straight nickel series, the 3100 steels 
show improved machinability; compared with the chrome 
series they show improved hardenability. Probably the 
only exceptions that should be made in the preference 
this combination to either alloy would be for certail 
special applications. For instance, extremely low tem 
peratures and boiler and stay-bolts etc., require the nickel 
types and ball bearings and other parts calling for high 
abrasion resistance utilize chrome-bearing steels. 

In considering an alloy for large sections, ferte 
strengtheners deserve emphasis. It is impossible to ob- 
tain a martensitic structure at the interior of very large 
forgings and shafts, but only emulsified pearlite. In such 
case the value of elements dissolved in and strengthening 
the ferrite becomes pronounced. For this reason the 
chrome-nickel series is a good base for large sections, the 
carbide-forming element serving as a cheap hardeniné 
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agent, the nickel improving this hardenability and 
strengthening the ferrite. 


MotyBpENUM: Molybdenum is recoverable from 
scrap and offers little complication to the steel-making 
process. In low-carbon steels it acts as a ferrite strength- 
ener, the effect for equal quantities being about the same 
ys that of chromium, somewhat more than nickel. One 
per cent in a normalized steel will add some 10 to 12,000 
pounds per square inch to the ultimate, 8 to 10,000 to 
the yield. The element is strongly carbide forming, and 
if any appreciable amount of carbon is present, little of 
it will be present in the ferrite. Its carbides are sluggish 
in dissolving and diffusing in the austenite, so that the 
hardenability will vary widely with the heating time, 
temperature and the microstructure previous to heating. 
These same carbides, of course, contribute greatly to 
grain-growth resistance. 

As usual, the sluggishness in dissolving in the austenite 
is companied by sluggish tempering characteristics and 
good creep resistance. Adding one-half per cent moly to 
a low-carbon grade doubles the creep resistance at tem- 
peratures from 800 to 1000 degrees. The carbon-moly 
steels are widely used for valve castings for high tem- 
perature steam, refinery service, etc. 

Molybdenum is not commonly used by itself in con- 
structional alloy steels. Grade A4042, which should per- 
haps be classed as a manganese-moly, was employed to 
some extent in the beginning of the present emergency, 
but shortages of the element and need to conserve it for 
other uses resulted in the discontinuance of the general 
manufacture of this grade. Chief use of moly is in com- 
bination with other elements. 

Molybdenum-bearing steels show appreciably improved 
machinability at the same hardness, particularly in the 
heat-treated condition (16). 


Are Best for Durability 
NICKEL-MOLYBDENUM _ STEELS: The _ nickel-moly 
through-hardening steels are not widely employed, al- 
though a good many of the arguments for the chrome- 
tickel steels would apply to this combination. This is 
probably accounted for by the appreciably higher cost of 
{640 compared with 3140, with but little improvement 
in hardenability. The combination is, however, exten- 
‘ively employed in carburizing grades, 4615 with 1.85 
Ni and .25 Mo being highly favored for parts demand- 
ing the best in wear and durability such as aircraft gears, 
tuck differential gears, etc. The nickel serves as a fer- 
tite strengthener, imparting high ductility and harden- 
ability to the core, and the molybdenum carbides im- 
prove the abrasion resistance and enhance the harden- 
ibility. It is also reported as affording lower warpage 
and residual stresses than other steels of equivalent hard- 
enability, the last being enhanced by its good resistance 
to the tempering operation. 


_ Caromium-MoLyBpENUM STEELS: This combination 
8 a relatively new introduction to the family of con- 
‘tuctional alloy steels. It has been developed to a high 
tate of perfection, primarily by the aircraft industries. 
Because of its excellent combination of hardenability, 
general reliability in heat treating, machinability and low 
‘st, it is today supplanting many other complex steels. 
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Fig. 109—-Jominy distances that have same cooling rate 
as various sizes of round bars for oil and water quenches 


The 4130 grade is rolled into strip and drawn into 
tubular shapes and as such is widely used for aircraft 
fuselage construction. It has good formability and ma- 
chinability as well as sufficient alloys to make a welded 
joint in the thicknesses common in this work, air harden- 
ing mildly. 
thick and in the normalized condition, 90,000 ultimate 
and 70,000 yield with good ductility may be anticipated. 

Reaching wide acceptance for many machine parts of 
medium section is SAE 4140. Depth-hardening values 
are better than 3140 and equal to 2340 or 3240, with 
Warpage is 


Generally used in sections under %%4-inch 


lower cost and machinability than either. 
generally reported as less, making it desirable for parts 
not machined after heat treatment. 

High chrome-moly steels, in particular with 5 per cent 
chrome, and one-half per cent moly, are widely used for 
high temperature petroleum service. The moly imparts 
good creep resistance and the chrome resists corrosion. 


NicKEL-CHROME-Mo Ly: A grade of high alloy that 
has found wide acceptance for large forgings and shafts, 
or unavoidably high nickel- 
chrome-moly, of which SAE 4340 is representative. This 
combination has the highest hardenability of any listed 


stress concentrations, is 


in the table except 3250. It is highly resistant to tem- 
pering, permitting of good stress relief (22); accompany- 
ing this is the usual reluctance in entering into solution 
in the austenite. Of outstanding importance is its re- 
markable machinability at high hardness, the production 
of heavy duty truck axles at 400 to 444 brinell with 230,- 
000 ultimate, 210,000 yield being not uncommon, and 
(16). 
These steels are air hardening in light sections, and for 
high-production machining must always be_ thoroughly 


500 brinell having been satisfactorily machined 


annealed. 
a cut-off wheel will produce a fin and surface of high 
hardness which may result in cutter failure. 

The nickel-chrome and the high manganese steels are 


Such heat-producing operations as the use of 
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subject to a grain boundary precipitation phenomena 
known as “temper brittleness”. Steels of this class, slowly 
cooled from draw temperatures ranging from 800 to 1200 
degrees, may show a marked reduction in impact. While 
relief may be obtained by quenching, this is not always 
permissible nor is it possible in large sections. It has 
been shown that the addition of one-fourth to one-half 
per cent moly will obviate this effect (3), being a definite 
advantage of this class of steels over the straight nickel- 
chrome grades. Even the 3% per cent nickel grades at 
times show this effect. 

A popular grade of “semitool” steel has .70 C, .60 Cr, 
1.75 Ni, and .20 Mo. If held sufficiently at temperature 
to give good solution it will be found air hardening in 
sections up to about %-inch, with low distortion. Its 
nondeforming properties are also as good as oil quenched, 
and the high carbide gives good abrasion resistance. It 
is reported as giving on a l-inch section, oil quenched 
and drawn at 400 degrees, 300,000 ultimate, with 280,- 
000 yield, 5 per cent elongation in 2 inches and 12 per 
cent reduction in area. It has been used with marked 
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Fig. 110—Calculated hardness traverses of SAE 
3240, shown dotted, compared with actual 
traverse, solid lines 


success for punch and die designs carrying unavoidably 
high stresses, although of course with some loss in wear 
over conventional die steels. It has also been used for 
shears, cams, gears, collets, etc. 


VanapiuM: While vanadium has been employed to 
some extent in nearly all constructional alloy steels its 
use alone is not common, there being no provision for it in 
the SAE series. It is strongly carbide forming, is slug- 
gish in dissolving in the austenite, and correspondingly 
improves resistance to tempering. The chief advantage 
in its use is grain-size control, scavenging and deoxidiz- 
ing of the melt, all of which are supplied today by alu- 
minum additions. In the amount usually employed it 
contributes little to the hardenability, is easily oxidized 
and is high in cost, making the application of vanadium 
steels seldom economical. However, Strauss and Norris 
(14) consider straight vanadium of value for large forg- 
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ings such as locomotive axles, etc., in the normalize 
condition. They also recommend the addition of Vans. 
dium to large castings to promote a fine dendritic struc. 
ture as well as a smaller austenitic grain. 





CHROME-VANADIUM: 
size control and resistance to tempering, the chrome 


Because of its excellent rai. 


vanadium steels at one time formed an extremely Popul 
alloy for both case and through-hardening where tough. 
ness was paramount. Hardenability, however, is not hig! 
being but little improved over the carbon-moly type. | 
has been applied to auto and truck transmission gear 
and shafts, axles and differential gears, etc., although j 
use for such purposes is uncommon today. 

In SAE 6150 or ASTM-A232-41, this alloy has bee 
widely applied to heat-treated springs for severe servic 
particularly for elevated-temperature duty such as js ¢. 
countered in valve springs. Zimmerli’s data (23), hoy. 
ever, does not substantiate this viewpoint. Wahl gives 
further discussion of spring steels in (24). 


Produces Finely Divided Nitride 


Innumerable combinations of vanadium with other 3. 
loys have been employed, particularly in castings and for. 
ings of heavy sections, and for other special requir. 


ments. Low-carbon, chrome-vanadium, with and with ( 
out moly, have been satisfactorily used for nitriding. | I. 
is reported that the vanadium tends to produce a fine fi 
divided nitride deposition with consequent improved cas cific | 
properties. portio 

MANGANESE: Manganese is a moderate carbide forme,§ °"™ 
dividing between the ferrite and carbide, so that it ma hid ; 
be employed in both roles. It makes an excellent low-§ ™!™ 
cost alloying addition, and has been widely applied fag 
both “as-rolled” structural and heat-treated steels. Quite cmos 
similar in properties and about twice as potent for the '¥"S 
same weight, it is frequently employed as a substitute "°° 
for nickel. Typical type is NE 1300 series, former of whi 
SAE T1300, (33). pe 

Manganese is frequently added in small amounts t Reo 
plain carbon, case-hardening steels, as in X-1020. While = fu 
the addition is small it improves the rate of casing and = 
hardenability sufficiently to reduce the danger of soli bie 





spots. Since it carries no price premium over 1020, aml 
improves somewhat the machinability, it is recommended 
where the sulphurized steels cannot be permitted. 

Manganese is used in rail steels with .55 to .70 C and 
about 1% per cent Mn, with material improvement in the 
wear qualities. Many other combinations of alloys with 
manganese have been developed, too numerous to be cov 
ered in this discussion. A few of these are a Mn-Mo cif 
burizing steel available in bar stock; a chrome-mangané 
.40 C through-hardening steel, widely employed in 
ings; a .50 C Mn-Cr-Mo; and many others. 

Of considerable importance for high wear resistant 
are the austenitic manganese steels, running around If 
per cent Mn, | to 1.4 per cent C. The steel is auste . 
even on air cooling. Heat treatment consists in heatili 
to 1800 to 1900 degrees to dissolve and diffuse the ‘ 
ments, and quenching in water to prevent precipitati 
of embrittling carbides. The high wear resistance is 5: 
to cold working, generally imparted in the first serv 
(Continued on Page 224) 
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By B. R. Hill 
Westinghouse Electric & Mfg. Co. 


1 other al 

s and forg. 

il require. ; 
and with OR many years small electric gen- 
riding. |t erators with permanent magnet 

ce a fine fields have been built for the spe- 


roved case cific purpose of producing voltage pro- 
portional to generator speed. With such 
gnerators a voltmeter can have a scale 


de former, 
at it mag Mid out in terms of revolutions per 

lent lov. tute, gallons per hour, inches per Fig. 1—Horizontal boring, drilling and milling machine. has_ tachometer 
pplied for ninute or tons per hour. At once an instruments mounted on head to indicate feeds and speeds 


Is. Quite most unlimited field of application 
at for the (2S up involving control of industrial 






substitute MCesses aud operation of many types of machines, typical magnet field. By means of this innovation, items requir- 
former “ Which is the horizontal boring, drilling and milling ma- ing adjustment and maintenance such as delicate brushes 

[thine in Figs. 1 and 2. and alloy commutators on direct-current generators have 

nounts to Recent development of electric tachometers of this type been eliminated. No slip rings or brushes are needed 
0. While S further extended the field of application and greatly since the field-producing units and coils are stationary. 
asing and improved the reliability as an accurate speed-measuring The only rotating member is a laminated steel rotor which 
© of soft ievice. The most important improvement concerns the has ten slots or poles, flux changes being produced in 
1020, and “ Of an alternating-current generator with a permanent the stationary coils when it rotates. The principle of 






operation is shown in Fig. 3. Output volt- 
age is 10 volts per 1000 revolutions per 
minute and the frequency is 60 cycles at 





mmended 
d. 
70 C and 











360 revolutions per minute. Since fre- 














ent in the 
loys with quency is proportional to speed, the gen- 
o be cot erator is designed for the relatively high 






»-Mo cat frequency to prevent oscillation of the in- 


ranganese aE 
1 in cast 






strument pointer at low speeds. 
Frequently the shaft of the generator 
can be driven direct from certain parts of 









a machine, thereby eliminating need for 





resistant 
round 
austenitic 
» heatif 
. the @ 
cipitati 
ce is di 
t service 


step-up or step-down speed _ changers. 







Coupling can be accomplished direct or by 





belts, gearing, flexible shafts, or universal 







Fig. 2—Close-up of control station shown 
in Fig. 1. Instruments showing spindle 
speed, headstock feed and table-saddle 
feed are each connected to a generator 
driven at speeds proportional to final drive 
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joints whichever fits the conditions of the particular appli- 
cation best. 

A tachometer generator must have certain performance 
characteristics essential to a reliable and accurate speed- 
measuring system. With no load on the generator, the 
voltage output plotted against speed should result in a 
straight line. Usually this characteristic deviates some- 
what from a straight line due to the indicating instru- 
ment load. Proper instrument and generator design, 
however, make it possible to hold very close to the straight- 
line relationship. Typical output characteristics are shown 
in Fig. 4. Single-instrument loads are of the order of 
400 ohms per volt; if 1000 revolutions per minute of the 
generator deflects the instrument to full scale, the instru- 
ment would have a total resistance of approximately 
4000 ohms. 

The curves in Fig. 4 show only a slight deviation from 
straight-line output. This does not give erroneous read- 
ings since the instrument dial is calibrated in terms of 
actual speed of the generator. The alternating-current 
tachometer may closely approach the uniform-scale char- 
acteristics of the direct-current tachometer and generator 
output is little affected by temperature change. Such 
temperature errors have been reduced to a minimum 
through use of a special alloy shunt installed in the flux 
path of the permanent magnet. Over a temperature 
range of —50 to +50 degrees Cent. the temperature 
error is less than .2 per cent per 10 degrees. 


Indicating Instrument Rectifies Current 


Voltage output of the generator is measured by a rec- 
tifier type alternating-current indicating instrument as 
shown in Fig. 3. A small copper-oxide full-wave rectifier 
is mounted inside the instrument case and its direct-cur- 
rent is applied to the usual permanent-magnet, moving- 
coil type of direct-current instrument. The development 
of the rectifier-type instrument has made possible the 
use of this type of alternating-current tachometer genera- 
tor. 

Special scale-distribution characteristics may be ob- 
tained through use of nonlinear air gaps installed at the 
pole pieces of the instrument permanent magnets. Some 
of these special applications will be described later in 
connection with machine tool measurements. 

The copper-oxide rectifier is little affected by tempera- 
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ture or by frequency variations of the generator. Af 
tually the latter is unimportant since for any given spe 
the frequency is constant and the instrument calibratig 
completely eliminates frequency errors. Low energy co 
sumption of the indicating instrument permits operatic 
of several instruments from one generator, a distinct aif 
vantage where speed indications are desired at seven) 
locations. Then too, low-energy consumption minimiz 
errors due to resistance of leads between generator an/ 
instrument; in other words, long leads have a small 
adverse effect on the accuracy of the system, reducing 
the errors of the readings. 

Various types of large precision boring, drilling an 





milling machines have utilized this type of tachomete 
successfully. Usually, the operations of such machine! 
are controlled from a pushbutton and _ selector switci| 
panel mounted on the machine or at the end of a lox 
cable. Gear-shift and motor-field controls provide a wit: 
range of speed and feed rates, and this type of machi 
therefore is often equipped with tachometers so that tle 
operator knows what speeds are being used, Fig. 5. li 





Output voltage vari 

from that shown /es& 

than 0.2% per /0°C. from 
-50°C ta+ 50°C 
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fall three scales are multiplied | |. 
by tne same factor, e.9.5 au #2 


Revolutions per minute 





Fig. 4—Characteristic curves of generator output 
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tial for efficient operation. 


metals and parts that have to be machined these days. 
In applying tachometer equipment to this type of ma- 
generator must be driven by a rotating mem- 
machine the speed of which represents the 


chine the 
ber of the 


speed or feed rate at the work, regardless of the gear 
ratio or motor speed being used. Where the speed ranges 
are extreme, it is desirable to use a multirange instrument 
In this 


to get readable deflections under all conditions. 





Fig. 5—Right—Milling and 
boring machine equipped 
with tachometers. An in- 
strument for spindle speed is 
mounted on each of four 
spindles. Feed-rate instru- 
ments are mounted on contro! 
cabinet at right 


Fig. 6—Below—Tachometer 
generator on gearbox 





case the generator drive may be taken from a shaft ahead 
of the gear shift, and the generator thus will rotate at the 
same full-scale speed regardless of the gear ratio being 
used. Then each scale range on the instrument dial 
represents a speed or feed rate for each gear ratio. Read- 
ings are taken on the scale that corresponds to the gear 
ratio being used. The instrument scales are identified by 
suitable titles on the dial; in some cases where several 
scale arcs are used, colored divisions and figures may be 
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performing certain types of work this information is essen- 
This is especially true for 
modern high-speed cutting tools and the great variety of 





utilized to help distinguish between ranges. With mod- 
erate speeds it is usually more desirable to have a single 
scale on the instrument because the single-range iistru- 
ment is easier to read and is less confusing to the op- 
erator. Then the generator is driven from a shaft whose 
speed represents the final drive of the spindle or the feed 
device. 

In most applications of tachometer equipment it is im- 
portant that instruments be readable at the lower end 
of the scales. Therefore this part of the scale is expanded 
as mentioned previously, the permanent-magnet air gaps 


unit of 
This 
gives large deflections for low speeds and a scale distribu- 


being shaped so that the torque increases, per 
voltage change, as the pointer approaches zero. 
tion which is tailor-made for the application. It is es- 
pecially 
driven at a speed proportional to the final drive; in such 


valuable on machines where the generator is 


a case the single-scale arc must cover the entire range of 
the machine. 

The most common generator drive consists of a direct 
coupling to a shaft in the gearbox. Fig. 6 shows how the 
generator, mounted on a flange, is bolted to the side of the 
unit. Since the gearbox is filled with oil, the flange is 
an oiltight fit. 
a seal to prevent entry of oil from the gearbox; the seal 


The generator bearing is equipped with 


also prevents generator lubricant from escaping. 


Encouraging! 


THIS COUNTRY is practically “over the hump” ot 
its rubber dilemma—technologically and from the sole 
standpoint of military needs. Research on synthetic 
rubber has progressed to the point that it can be con- 
verted into almost any needed war product if no more 
natural rubber becomes available. Several new plants 
are complete and ready for production; they were 
financed by war-emergency funds. 








































Left—Automatic throughout the entire 
cycle, the Lipe carbo-matic lathe hg 
hydraulic control of holding equipmen 
feeds and tailstock quill. Power ; 
transmitted through a multiple V-be} 
and cone gear drive, while the totally 
enclosed base and bed are of heavy 
construction, permitting high-speed Op- 




















RightPush and pull action in 
the H & H portable electric tool 
for filing, scraping, polishing and 
similar operations is effected by 
an eccentric mounted on a 
bevel gear, the driving mo- 
tor and bevel pinion being 
on the centerline of the reciprocat- 
ing tool holder. Pistol grip in- 
cludes conveniently located con- 
trol switch for starting 
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Left—Incorporating @ heater for pasteurizing and an 
aircooled compressor for refrigerating, the portable 
self-contained Me¢ha@mical Cow produces 40 quarts 
per hour of milk, ¢redim or ice cream mix from skim 
milk powder, sweet butter and water. Mixture is 
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agitated during pasteurization in stainless steel mix- 

ing tank, emulsified in seamless steel tinned 

tubular centrifuge and cooled to 45 degrees in 
heavily. tinned ‘copper cooler 
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Right—Quick-acting indexing table on the Prosser 
carbide tool grinder permits instant setting to the 
desired angle. Reversible motor drives the spindle 
direct and a brake is provided for quick stopping 
when reversing the direction of rotation. Location 
of the silicon carbide cup wheels on the spindle is 
easily adjustable to compensate for wear 
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Left—Using direct-expansion am- 
monia as refrigerant, the Girdler vo- 
tator chills liquid eggs from 50 to 31 
degrees in approximately 15 sec- 
onds, inhibit 
tween bre@ 
shipment to 
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hardened steel wifi 
both radially ¢ ° 
loy steel spindle is 
adjustable bronze bearing and a pi 
loaded double-row ball bearing which 
also carries the thrust 













Left—Designed for continuous welding 
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on a production basis the P & H alter- 
nating current welder has extra cooling 
capacity, simplified drip-proof con- 
struction, full view current calibration 
panel and specially styled canopy. Im- 
Sved design of controls permits ac- 
curate setting without creeping 































i inion of the Bullard vertical turret 
tun submerged in filtered oil cir- 
sd under pressure. ‘Headstock gears, 

ich are constant-mesh- with. internal- 
external tooth clutches, provide twenty 
table speeds. Nonreversing worm drive 
for side head holds it in position independ- 
ently of counterweight 
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Looking Ahead to Postwar 


NGINEERS responsible for design still appreciate to the full that 
their labors of the past few years have not yet borne the fruits of 
victory and that the final conclusion of the war may be a long 
way off. Yet there are distinct signs that the thinking of the profession 
is no longer solely occupied with development of armaments and 
allied equipment but rather that some attention is now being given to 


postwar designs. 


It is fortunate for the successful prosecution of the war that such 
activity has not, except in relatively few instances, reached the 
stage of actual development of new machines. Some of the larger 
companies, only, have thus far been able to take advantage of diminish- 
ing activity in their engineering departments to free certain members 
of their design staffs intermittently to engage in postwar development. 
Other companies, in the medium-sized category, have reached only 
the research stage, and smaller concerns are just beginning to look 
ahead. 


All in all it can be said—based on a survey of machinery builders 
representative of the entire field—that at least 80 per cent of such 
companies, regardless of size, are either planning or thinking of plans 
for the postwar period. In some cases active committees meet regularly 
to formulate such plans; in others only small groups or single in- 
dividuals are assigned to the job. The amount of time and effort is 
bound to vary in relation with the anticipated position of each type 
of company after the war. 


Such thinking ahead is to be strongly commended—without losing 
sight, however, of Donald Nelson's recent warning that “the war is 
not yet in the bag," or of the fact that nothing would please Hitler and 
Hirohito more than that we should begin to act as though our enemies 
were nearing a state of complete collapse. Only as the day draws 
nearer on which our boys will return can intensive efforts be con- 
scientiously and increasingly devoted to actual design work for the 
reconversion and re-employment period that ultimately lies ahead. 
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Velocity and Acceleration 


of Geneva Mechanisms 


By J. Harland Billings 


Drexel Institute of Technology 


ECAUSE of its simplicity the geneva mechanism, 
Fig. 1, is popule= tor intermittent drives as well 
as for counting or stop mechanisms. Any num- 
ber of slots from four up to fairly large numbers can 
be used, particularly if the slots and the locking sur- 
faces are placed on separate disks. 
turns made by the driver B for one turn of the driven 


The number of 





Fig. 1—Elements of the geneva stop mechanism. 
Angle of rotation of driving member B is measured 
from this position 


member C is equal to N/n, where N is the number of 
slots in the driven and n is the number of driving pins 
in the driver, 

Determination of velocities and accelerations in this 
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mechanism is somewhat involved, and as an aid to the 
designer the curves in Fig. 2 are presented. The 
abscissa represents degrees of angular travel of the 
driving member B measured from its position in Fig. 1 
Broken-line 
curves give angular velocity ratio (w/w) Where w< 
and w, denote the angular velocities of the driven and 


when pin R is just entering the slot. 


Full-line curves give 
angular acceleration ratio (a¢/w,,”) where a. denotes 
the angular acceleration of the driven member, radians 


driving members respectively. 


per second per second, »;, being assumed constant. 

For satisfactory operation at medium or high speeds 
the pin R must enter and leave the slot tangentially. 
This condition is evidently fulfilled if the angle OSR is 
made equal to 7/N. If the radius to the center of the 
pin is OR=r and the center distance OS—c, the con- 
dition is that r/e—sinz/N. The curves in Fig. 2 apply 
only to mechanisms with these proportions. 


Problem Illustrates Use of Curves 
EXAMPLE: It is required to find the velocity and 
acceleration of the driven member C of a six-slot mech- 
anism, the driving member B revolving at 200 revolu- 
tions per minute and being in the phase 40 degrees 
from initial contact with the slot. 

The angular velocity corresponding to 200 revolu- 
tions per minute is 200 27/60=— 20.94 radians per 
second. From the velocity curve for six slots the value 
at 40 degrees is .704 and the required velocity is there- 
fore .704 20.94 14.74 radians per second. From 
the acceleration curve for six slots the value at 40 de- 
grees is 1.25. The required acceleration is therefore 
1.25 « 20.942—548 radians per second per second. 

All curves are plotted for the first half of the travel 
of the follower, that is, until the pin R (Fig. 1) reaches 
the center line OS. Beyond this phase the values are 
repeated in reverse order, all acceleration values being 
negative. For the foregoing example the pin is on the 
center line at 60 degrees, therefore at 80 degrees the 
velocity would again be 14.74 radians per second 
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while the acceleration would be —548 radians per 


second per second. 

For mechanisms having numbers of slots other than 
those included in Fig. 2, graphical or analytical meth- 
ods may be used. The graphical method used in the 
construction of these curves is described in Reference 
1, while a general method of acceleration analysis is 
discussed in Reference 2. 


Results of mathematical analysis may be expressed 
in the form of equations as follows: 


r 
cos(B—@) — — 
WC c 


WB c if 


+ 
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— 2cos(B—@) 
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c Pe 
(= = =)sin (B—@) 
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“a te. * 2 
[<+- ai 2co8 (8-8) | 
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ac 


where Bangle ROS=cos1(OR/OS) = cos1(r/c), 


Fiz. 2—Velocity and acceleration curves for driven 
member C of geneva mechanism for constant angular 


velocity of driver equal to one radian per second 


r/c=sin(2/N), and 6=angular travel of driving mem. 
ber B measured from its position in Fig. 1 when pin R js 
just entering the slot. 

Often it is important to know the maximum instan- 
taneous values of velocity and acceleration of the 
driven member. For the velocity, inspection of Fig, | 
or substitution in Equation 1 shows that 


WC 
max = 
WB 


Differentiating Equation 2 and equating to zero gives 
the value of 6 for which the acceleration is maximum: 


| a ne ae 
BORO nemnucan 
cos(8—0)=—-% . + = 4 —s 


Substitution of this value of 6 into Equation 2 gives 
the maximum acceleration ratio. 


REFERENCES 
Billings, J. H.—Applied Kinematics, second edition, Page 308, 
D. Van Nostrand Co. Inc., New York. 
Hal]. H. S. and Ault, E. S.—‘‘How Acceleration Analysis Can 
Be Improved”, MACHINE DEsIGN, Feb., 1943, Page 100 and 
March, 1948, Page 90. 
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Here's a typical example of Johnson 
Bronze Engineering Service at work. 
The application in question had been 
served by a steel washer and a plain 
bearing. The difficulties present in this 





case were ... in assembling—with two 
separate pieces .. . the constant maintenance and lubrica- 
tion required . . . the tendency for the bearing to work 


out of place. 


A Johnson Engineer reviewed the application and designed 
a new bearing . . . square on the outside . . . circular on the 
inside . . . with a flange replacing the washer. Then we 
produced them in LEDALOYL. .. our self-lubrication bearing 
material. Thus we solved all their problems at once... at 
a lower cost than the original assembly. 


Excellent delivery can be had on LEDALOYL at the present 
. either from more than 2000 stock sizes . . . or made to 
your blue print specifications. 





Leda loyl a This is the kind of helpful service we render manufacturers 
ie iaceitechaaes, an tt diatnntes every day. Perhaps we can help you with your bearing 
all machining, provides self-lubri- problems—NOW? There's a Johnson Sales Engineer as 


cation. Write for new literature. near as your phone. 


y JOHNSON @™® BRONZE 


SLEEVE BEARING | sraninc HEADQUARTERS 
525 $. MILL STREET 
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... and like Commandos, given those 


jobs that require "The Best" 


For those assignments where service conditions 
are known to be unusually severe, or where they 
carry the unknown “X-value” of stress that can- 
not be exactly figured, British Commandos and 
American Rangers are chosen in warfare. For 
those same assignments in war equipment, 
Ampco Metal is the usual choice of design or 
operating engineers. 


This special bronze alloy, like those special 
shock troops, has established a _ splendid 
reputation for delivering more than is expected 
of it. For a combination of high strength, 
exceptional life through resistance to wear, 
high fatigue strength, and general all-around 
versatile performance, Ampco Metal is without 
equal in the bronze alloy field. It plays a part 
in the construction of most aircraft, heavy 
ordnance, heavy machinery and machine tools. 


Put Ampco Metal to service in your equipment 
where parts are failing, and gain the satisfaction 
of solving a difficult metal problem. Ask for 
“File 41—Engineering Data Sheets” that give 
case histories and technical data. 
It’s free. 


AMPCO METAL, INC. 


Department MD-8, Milwaukee 4, Wisc" 
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PROFESSIONAL 
VIEWPOINTS 


. . . made a distinct contribution” 


To the Editor: 


Referring to the article on “Engineering Aspects of Ply. 
wood” by Ivar C. Peterson, we welcome such articles jp 


the literature of the industry as there is far too little under. § 
standing of proper methods for utilizing plywood in air § | 
We believe Mr. Peterson has made a dis. § | 
tinct contribution in calling attention to the fact that the | 
normal range of variation in wood is a factor which must § 


craft design. 


be intelligently considered in any design problem. The 
data that he has given will be helpful to design engineers 
and when consolidated with others of like import should 
make valuable reference data for engineers. In this con- 
nection Mr. Robert W. Hess, of the Curtiss-Wright Avia- 
tion Corp., Buffalo, N. Y., recently delivered a paper be- 
fore the Wood Industries Division of the American Soci- 
ety of Mechanical Engineers at its spring meeting at 
Davenport. 
—Tuomas D. Perry 


The Resinous Products and Chemical Co. 


‘*.| . . designing gears for export’”’ 


To the Editor: 


I would like to draw attention to the importance of de- 
signing gears on machinery for export from a more inter 
national point of view. Even if we only go “south of the 
border”, we come up against the module, because the 
meter is the official unit of measurement in Mexico, and 
with it the module pitch for gears. 

Whether intentionally or not, the inch and the diametra 
pitch opposed to the meter and the module, have been ef 
fective barriers to international trade. All countries outside 
the United States and Great Britain and her colonies and 


dominions use the module for gears. Russia uses it and 


China, as well as France and Spain and their colonies, @ 


do Turkey and Iran. Also, our boys fighting abroad have 
their gear replacement problem complicated by this condi- 
tion. 


Foreign Trade Will Be Needed 


With production capacity greatly enlarged now, we may 
need foreign trade more after the war than before, and we 
should do all we can to make the barrier between the two 
systems less formidable. 

The standardization of gears on an international basis 
is probably still a long way off, but in the meantime Wé 


MACHINE Desicn—August, 1945 

















‘ 


HIGH CAR 
straight 
flattenin 


| 


Compar 


| by Bant 


load. Th 


section, 


Macu 








NEEDLE BEARINGS— 
ALL TYPES—ALL SIZES 







NEEDLE BEARINGS TYPE DC 
are complete, self-contained 
units consisting of a full 
complement of rollers and 
a drawn, hardened outer 

race. They offer the advan 

tages of small size, low cost, 
high capacity—and easy 
installation. 


Iw THE NEWS 


WITH TORRINGTON — BANTAM 





NEEDLE BEARINGS TYPE NCS 
consist of a full complement of 
rollers and a relatively heavy 
hardened outer race. They are fur 
nished with or without inner races 
Needle Bearings Type NCS are 









































































rT) 
on adaptable to heavier loads than 
Needle Bearings Type DC 
NEEDLE ROLLERS TYPE LN 
are produced in a range of 
types and sizes forassembly 
into low-cost, high-capa 
of Ply. city anti-friction bearing 
: . units. Our engineering de 
cles ni partment will make recom 
under. mendations as to correct 
: . - size and type selection 
In ar- B® 
a dis- 
hat the f HAIR-BREADTH PRECISION WORK at high 
h mut Bi): EET, speeds is being turned out with turret 
The | ee lathes such as this to help win the battle 
gineers — r of production. Built by Gisholt Machine 
should Company, this lathe employs Ultra- 
is ol Precision Tapered Roller Bearings on 
: Avi the spindles (see cross-section) as an aid 
( a WA : TE : in maintaining extreme accuracy. The 
eT De as UM), eee, a eccentricity and face run-out of these 
1 Soci- | Y Yj: bearings is .0002 maximum—an out- 
ing at B. hd halgbede 4 standing example of the ability of Bantam 
{ Bearings Division to build precision 
RRY i ete i bearings for heavy-duty applications. 
al Co. 
33 
of de- 
inter- 
of the 
e the 
», and 
ROTATING 650 POUNDS OF WIRE AT 120 R.P.M. 
requires spindles of exceptionally high load 
netral capacity in wire stranding units built by The 
en ef Watson Machine Company. Dependability in 
utside the main sheave bearings under this severe 
5 and strain is assured by the use of Ball Radial 
+ and Bearings. Designed and built by Bantam 
| : Bearings Division, these bearings have with- 
a} stood years of such service without a single 
have replacement. 
ondi- 
, may : ; Seen \ 
; mia) wen CAPACITY in a small space is provided by \\ 
d we & straight radial roller bearings in this 8-inch ORRINGTON EARINGS 
e two eine mill built by Broden Construction 
ompany Le: ° 3 
i ey ae aman STRAIGHT ROLLER - TAPERED ROLLER - NEEDLE - BALL 
basis lad. Theb, en een Santee THE TORRINGTON COMPANY + BANTAM BEARINGS DIVISION 
—<- . ‘he bearing arrangement, shown in cross- SOUTH BEND 21, INDIANA 
section, permits compact design. 
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SP past 
Guard Vital 
Bearings 
ta the mighty 


TOURNAPULL 





R. G. LeTourneau, Inc., 
manufacturers of grading 
equipment, use Lisle Magnetic Plugs to protect the 
gears and bearings in their famous Tournapulls. 
The cutaway drawing shows how the Lisle Plug 
is placed in the final drive case so as to catch 
any metal particles in the lubricant. By semoving 
this abrasive, Lisle Plugs eliminate. a’ cofmmon 
Cause of excessive wear. 








Investigate the use of 

Magnetic Plugs in your 

product. Write for full 
MLPA details. 


LISLE CORPORATION 
Box 1003, Clarinda, lowa 


DRAIN PLUGS 








should give serious thought to equipping our machina 


for export to metric countries with module gears, or y ; * 


least with diametral pitch gears with a center distance { 
which our customers abroad can, in an emergency, hay 
gears of a module pitch made locally. 


It would depend on the kind of machine and the gear fl 
used, whether to make diametral pitch gears to a millimete{ 


center distance with oversize gears, so that they can }p 


Diametral Pitch Gears for Replacement Modules 


Replacement Module 








Original D.P. Special* Standard Stock} 
1 27 24 
1% 18 16 
2 14 12 
3 9 8 
4 6% 6 
5 5% 5 
6 4\% 4 
5 3% 3 
0 2% 2% 
2 2% 2 

16 1% 1% 
20 1% 1% 
24 1% 1 

32 8 % 
48 6 \, 


*Special diametral pitch gears made to the standard center distance 
xt replacement Module gears. 
+Standard stock diametral pitch gears made to the standard center 


replaced by standard module gears as shown in the tabula- 
tion, or to make diametral pitch gears to their standard 
center distance and advise the customers and agents abroad 
of the respective module gears to use for replacement. 
If “special” diametral pitch gears are used anyhow, they 
could be made to a standard millimeter center distance for 
the respective module gears. However, as standard stock 
module gears are not used abroad to anywhere the same 


extent to which diametral pitch stock gears are used in} 


oe 








this country, the second solution, according to the tabule- 

tion, would seem to be the most logical to use for most} 
applications. 

Incidentally, it would be a good sales point to say in| 

literature on the machine to be exported: “The gears on } 
this machine can be replaced by gears of module pitch.’ 
—Frep A. BrACKMAN 

New York City 


‘* . . interesting and instructive 
articles’’ 


To the Editor: 

Please send me a copy of your reprint “Modern Methods 
for Calculating Working Stresses”, by Joseph Marin. 
take this opportunity to compliment you on the interest 
ing and instructive articles in MACHINE Desicn, and & 
sure you I look forward each month with keen anticip* 
tion to reading the various contributions. 

—Gorpon J. McEACHERN 
Toronto, Ont 


The reprint mentioned contains the entire series of 
articles by Joseph Marin from January to December, 
1942. It is a 68-page booklet, available at a nominal 
price of $1.—ED. 
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NICKEL AIDS THE FARM IMPLEMENT INDUSTRY 


to KEEP EM SERVING! 


America won a victory on the food front 
in 1942 with production that reached 
an all-time high. But even that wasn’t 
enough to feed a hungry, war-torn world. 
So this year’s objectives are higher. 


Farmers need mechanical equipment 
to produce food in winning quantities. 
Now, with the critical shortage of skilled 
farm labor, modern machinery becomes 
vitally important. 


Agricultural equipment engineers 
have steadily improved farm machin- 
ery, lowered costs, and educated users. 
Result: ro nation’s farms were ever so 
fully mechanized as ours. And repair 
and service facilities have kept pace so 
farm equipment keeps working without 
excessive breakdowns or delays. 


The foresight of these engineers is 
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shown by their repeated specification 
of materials strengthened and tough- 
ened with Nickel. Their experience 
proves that a little Nickel goes a long 
way in the manufacture of parts that 
stay on the job... stressed parts that 
stand shock overloads. 


From tractor transmissions to plow 
discs, from cylinder liners to bull gears, 
Nickel teams up with other metals to 
assure the dependable performance of 
farm implement parts. 


For years, the technical staff of Inter- 
national Nickel has been privileged to 
cooperate with the engineers and pro- 
duction men who are responsible for 
such great achievement in the improve- 
ment of farm equipment... equipment 
now working at top speed to feed the 


United Nations. INCo’s staff of engi- 
neers and metallurgists offers counsel 
and data to all who seek assistance in 
the selection, fabrication and heat treat- 
ment of ferrous and non-ferrous metals. 





New Catalog Index 


New Catalog C makes it easy 
for you to get Nickel litera- 
ture. It gives you capsule 
synopses of booklets and bul- 
letins on a wide varicty of 
subjects — from industrial ap- 
plications to metallurgical 
data and working instruc- wy 
tions. Why not send for your Bie “nm 
copy of Catalog C today? 


ne 





‘ Nickel * 


THE INTERNATIONAL NICKEL COMPANY, INC., 67 wail st., New York 5, N. Y. 
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Outdoor Photoelectric Relay 


ESIGNATED as 

Type CR7505- 
K108, a new general- 
purpose photoelectric 
relay for outdoor use 
where rapid and ac- 
curate counting, con- 
trolling, sorting or lim- 
iting are required, has 
been announced by 
the Electronic Control 
section of General 
Electric Co. Contacts 
control 2 amperes at 
115 volts, 25 to 60 
cycles, alternating current, or .5 amperes at 115 volts, 
direct current. In addition to a Type GL-930 phototube, 
the new relay contains a Type GE-117P7GT pliotron tube. 
the filament of which operates on full line voltage elim- 
inating need for a filament transformer. Incorporated 
also is a diode rectifier which functions when alternating- 
current power supply is used. The relay’s weatherproof 
case is equipped with a sun shield and a large, directional 
lens system to minimize the effect of slanting sun rays. 
In addition, the lens system increases the relay’s sensitiv- 
ity. Adjustable under actual operating conditions, with- 
out removing cover, the relay can be mounted in any 
position. Chassis can be removed easily from the case. 





Improved Coil Coating 


UARDING against attack by mildew, fungi and other 
organisms without increasing insulation values or 
causing corrosive action, Insl-x Co. Inc., 857 Meeker 
avenue, Brooklyn, has introduced its new coil coating 
with improved Insl-x toxicant added as a solution to 
numerous tropical insulation problems. According to the 





company, six-month exposure tests revealed the surface 
protected with the improved toxicant completely tree trom 
organic attack while a similar surtace protected with ordi- 
nary toxicant was attacked. An added teature of Insl-x 
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No. 67 (with toxicant added) is its unusual tensile strengt) 
which seals and shapes the coil and eliminates necessity 
of taping. The coating air dries at room temperature in ]5 
minutes. Dielectric strength is 1250 volts per mil. 


Tiny Precision Switch 


N FULL scale production now is the new tiny Peanu 
I switch of Micro Switch Corp., Freeport, Ill. Ny 
bigger than the end of a man’s index finger, the small pre. 
cision switch is more rugged, lighter and more resistant 
to vibration than the larger models, according to the 
company. Available both with and without an enclos. 





ing case, the switch possesses a high electrical rating 
When used without the case, actuating movement can be} 
applied anywhere over a large portion of the upper spring 
With the case a mounting is provided. Construction pr0- 
vides inherent overtravel beyond the point of operation, 
enough for most uses. Included also are other features 
Contact gaps up to .085-inch which can be varied (wide 
gap is especially valuable on direct-current loads), and 
pure silver contacts formed with a knurled surface t0 
provide high unit contact pressure for low-voltage ap 
plications. The switch is especially suitable for use where 
extremely low operating force and super-fast action ' 
not so important. 


Sheaves for Multiple V-belt Drives 


UTSTANDING features of the new QD (quick 

tachable) sheaves being offered by Pyott Foundry 
& Machine Co., 328 North Sangamon street, Chicag® 
are the ease, speed and safety with which the sheavé 
are attached to or removed from the shaft. Simple step 
in attaching sheave to shaft involve slipping the tapered, 
split hub onto shaft in line with keyway. Headless of 
screw is then tightened down with an inserted key, clamp 
ing hub firmly on shaft and producing virtual press ht 
The QD sheave is attached on the tapered hub, and ac 
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TESTING 


“Elmer” is the automatic pilot into whose 


robot care is entrusted the flying of all types 
of planes. The hydraulic mechanism for the 
automatic pilot is the Servo unit, a number 
of which are shown in the above photo- 
graph on the test line at Sperry Gyroscope 
Company. 

This Servo unit may be termed the brawn 
or muscle of the mechanical pilot. The 
pistons in the three cylinders automatically 
control the rudder, elevators and ailerons. 
A special oil pumped under 150 pounds 
pressure is the hydraulic medium. 


VIM Leather Packings have long been 
used to hold oil pressure. They are not 
affected by the oil, because of the special 
impregnation which makes them oil-resistant 
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"ELMER‘S” 


MUSCLES 


to a much greater extent than is any syn- 
thetic type of packing. 

Each Servo unit has three “V" packings at 
each end of the cylinder and two VIM cups 
on the piston rod; VIM leather washers are 
used on the valves at the top of the cylinders. 

This is another way VIM Leather Packings 
are serving our armed forces. They are also 
found in shock struts, hydraulic jacks, gun 
recoil mechanisms, presses, and throughout 
the warmanufacturing industries. If Houghton 
can serve you on designing and engineering 
packings, please feel free to present your 


problem to our technical staff. 


E. F. HOUGHTON & CO. 


PHILADELPHIA 


CHICAGO DETROIT SAN FRANCISCO 
















If you need specialty 
transformers... we 
build all kinds 


Example: one for use on 


aircraft machine tools— 





—another for control circuits 


on flying fortresses 








™ 90% 
ES & 
= ~<Stie, ame Ly) 








we assemble them quick— 


trom standardized parts 


in our stocks 














let us build yours, too 
youll get faster delivery— 
by utilizing 
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GUlCK » WRITE OR WIRE 


FOR Fil DETAUSS 


Westinghouse 
MT TRANSFORMERS 


DEPT. 7-N., WESTINGHOUSE ELECTRIC & MFG CO., EAST PITTSBURGH, PA. 









tual tightening is accomplished by inserting and tightep. 
ing pull-up bolts which protrude through the sheave, Re. 
moval of the sheave from the hub is equally simple, ang 
regardless of the number of times the process is repeated, 





“ 


‘DI 
LA 














the mounting and demounting of the sheave is easy with 
no danger of a damaged shaft or battered motor bearings, 
A pre-aligned drive is assured as on completion of tests 
the hub can be left on the shaft. The new sheaves are 
available in standard sizes. 





Rheostat-Potentiometer Available 





S AN addition to its instrument line, Ohmite Mfg. = 
Co., 4835 West Flournoy street, Chicago, has de- 
signed a circular slide-wire rheostat. This low resistance Did 
low wattage rheostat-potentiometer has a length of te- that 
sistance wire stretched tightly around the outside of a cato 
cylindrical core bonded to a ceramic base, and firmly -_ 


mage into 
Contact to the wire is made ail 


anchored to two terminals. 
ope: 
—¥ 
witl 
abo 
are 
hou 
cha 


casi 





by a phosphor-bronze spring arm which is connected t0 
a third terminal. Maximum resistance supplied is ap- 
proximately 1 ohm while the minimum is .1 ohm. Re 
sistance vibration is stepless since the contact arm travels 
along the wire from end to end. The units are made to 
order to suit particular requirements. Shafts for knob 
control or for screwdriver control are available. 








Cores for Communications 


OR application in the communications field, Wes 
inghouse Electric & Mfg. Co., East Pittsburgh, has 
made available a new line of type “C” Hipersil cores 
These can be obtained in a wide range of sizes. The 
simplify assembly since only two or four pieces are i 
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‘DIE CAST INDICATING 
LAMPS IN WAR PLANES 
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Two sizes of lamps and a set of the die cast parts 


Did you ever get a look inside an Army plane? The thing 
that impresses you most is the maze of dials, switches, indi- 
cators, etc., required to “keep ‘em flying.” Only the finest 
materials and workmanship of the electrical industry go 
into this equipment, and it is significant that zinc alloy die 
castings serve here in many ways. 

Take, for example, the indicating lamps which flash 
operating guidance to the plane crew. Many of these lamps 
—which are used on Radar panels, too — are assembled 
with zinc alloy die castings. The lamp castings shown 
above, which include the housing, bezel and assembly nut, 
are all cast in the same die. The external threads on the 
housing are integrally cast and require only a simple 
chasing operation. And a further feature obtained in the 
casting operation is a tiny lug (see arrow) which prevents 


NEW 
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ALLOY POT 


A publication issued for many years by THe New Jersey Zinc Company to report on 
trends and accomplishments in the field of die castings. Title Reg. U. S. Pat. Off. 


No. 11 
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the indicating lamp from turning after it is embedded in 
the panel. 


ZINC ALLOY DIE CAST 
CLUTCH SEGMENTS 


The operating principle of the centrifugal clutch illus- 
trated below (left) is embodied in the adjustable feature 
of the six zinc alloy die cast segments (right). These seg- 
ments have adjustable spring-screws which keep them 
against the clutch hub to overcome the centrifugal force 
up to the adjusted speed—at which point the segments fly 
out and engage the clutch by a braking action on the drum. 
There is a facing riveted to each segment for this purpose. 

The clutch drum and integral pulley rotates on two ball 
bearings, and a V-belt drive is used to transmit the power 
from an engine crankshaft to any operation desired. 

By die casting the segments in zinc alloy, the necessary 
weight is obtained (approx. 14 oz.) and the hole for the 
adjusting pin is cored in the casting operation. The only 
machining required on the segments is the drilling of the 
four rivet holes for applying the brake facing. 
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ARE HANDLING THESE MATERIALS 


as original equipment on many types 
of liquid-processing machinery and 
as separate units. 


POWER PUMPS—capacities from 5 to 
750 GPM. Pressures to 300 psi. Temper- 
atures up to 600°F. Handling liquids and 
semi-solids varying in viscosities from 
butane to asphalt. 


HAND PUMPS—capacities 7 to 25 GPM. 
Flanged for vertical or horizontal mount- 
ing. Special bases will be designed to 
meet any requirement. 


BLACKMER BUCKET DESIGN (swinging 
vane principle) makes these pumps self- 
adjusting for wear. No drop in capacity 
during the life of the buckets. When 
finally worn out, buckets are replaced, 
without disturbing piping or drive. As 
the buckets are self adjusting, no fitting 
is necessary. 








NATION-WIDE ENGINEERING SERVICE 
Our engineers are at your call on any 
problem involving pumps. 


Pipe-mounted 
hand pumps 


Check, sign and mail NOW 


to: Blackmer Pump Co., 1978 Century 
Ave., Grand Rapids 9, Mich. 


C] No. 301—Facts about 
' Send bulletins checked: 


Rotary Pumps. 
[1 Ne. 302—Pump En- 
[22] 


gineering Data. SE AO Te Pree ee eee, 
£ No. 130—Blackmer NII 2s 5.6) ative. Berardi are 
_| General Catalog. 
NL 54. hes cas Aes Res iene oreo ee 


No. 303—Hydraulic 
Data Book. 
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volved. Construction of the cores consists of Winding the 

Hipersil strip continuously on a mandrel of desired g 
mensions. It is annealed at high temperature and yay 
uum impregnated with compound to make it a solid upj 
It is then cut into two segments, the ends being maching 
and worked to produce coinciding surfaces when reg. 
sembled. For frequencies up to 400 cycles, Type C ste 
cores of nominal gage are used, and for those higher, g 
core using thinner Hipersil steel has been designed. Py 
very high frequencies and exceptional fidelity a sj 
thinner gage is available. 














General-Purpose Radio Relay 









ERIES 345. relays 
designed 
Guardian Electric Mfg 
Co., 1601 West Wal 
nut street, Chicago, 
are general-purpose re f 
dio relays available in 
contact combinations 
from single-pole, sin- 
gle-throw, up to three 
pole, double - throw, 
This feature combined 
with the large call 
winding area makes 
the series an efficient relay in compact space. Dimensions 
of the new relay are 2% x 2 1/32 x 1 11/16 inches. Con 
tacts are rated 12 amperes at 24 volts direct current, and 
are arranged to resist over 10g acceleration and vibration 
in all positions. Coil resistances range from .01 ohm to 
15,000 ohms in a varnish-impregnated and baked coil 
Standard voltages are 16 to 32; however, other values are 
available. The bearing is of pin type, hardened, non- 
magnetic, stainless steel and is staked to the armature 





























hinge. Armature return spring is torsion type to mail- 
tain an even spring pressure. To resist deterioration 
under conditions of high humidity, relay parts are plated. 
Aircraft Cowling Fastener 
NOWN as the 
“Jiffy Fasten- 
er’ for aircraft 


cowlings, inspection 
plates, protective 
panels and 
uses, a new fastener 


similar 


is in production now 








by Simmons Ma- 

chine Tool Corp., Pe <8 

Albany, N. Y._ It poe ! 

features a_ helical- 

type spring which 

gives long spring travel, reduces vibration and a 


Ke ; | 
In tension the load is not carmee 


sures a tight, rigid fit. 
The sole func 


by the spring but by hardened steel lugs. 
tion of the spring is to hold the two parts of the fastene! 
in a locked position. Another improvement is the fact 
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‘Determination of blanking die clearances 






Information supplied by an Industrial Publication 


Determination of proper blanking die clearance 
depends on several factors; thickness and physical 
properties of stock, relation of punch diameter to 
stock thickness, specified part tolerances and press 
power and size. 

Recommendations of material suppliers regard- 
ing clearances for every type of blanking operation 
can usually be followed. Lacking recommenda- 
tions, or when clearance must be determined by 
experiment certain simple rules give reasonably 
accurate results. 

_ The amount of clearance varies from 5 to 12% 
in direct proportion to the stock thickness. Closer 


CLIMAX FURNISHES AUTHORITATIVE ENGINEERING 
DATA ON MOLYBDENUM APPLICATIONS. 


tolerances call for smaller clearances. The follow- 
ing table gives general average total clearances. 


Close General 
Tolerance Run 


Brass and Soft Steel 5% 8% 
Medium Rolled Steel 6% 10% 
Hard Rolled Steel 5-7% 12% 


When the blanking or piercing hole must be held 
to a close tolerance, clearance is added to the 
punch dimensions. When the blanked part must 
be held to close tolerance, clearance is subtracted 
from the dimensions. 


BRIQUETTED OR CANNED « 
“CALCIUM MOLYBDATE” 


MOLYBDIC OXIDE, 
FERROMOLYBDENUM e 








KENNAMETAL 





KENNAMETAL STANDARD BLAN 

















FOR FAST 
CONVENIENT TOOL SUPPLY 
FOR THE REDUCTION OF 
SHANK STEEL CONSUMPTION 


* KENNAMETAL steel-cutting carbide tools 
can be made in your shop by torch brazing 
KENNAMETAL standard or formed blanks 
to used steel shanks. This technique elimi- 
nates the maintenance of large tool stocks 
and affords a fast, economical, and con- 
venient method of tool supply. 


KENNAMETAL blanks are available in four 
grades of hardness, KM, KH, K3H, and 
K4H. The standards are supplied in three 
styles; formed blanks are shaped to speci- 
fications. 


The “stocking up’’ of KENNAMETAL 
standard and formed blanks will insure 
your shop of an adequate tool supply with- 
out excessive capital investment. 


Write today for the KENNA- 
METAL Catalog 43B—it con- 
tains information on blanks and 
the proper method of brazing 
them to shanks. 




















KENNAMETAL Pa. 








Foreign Sales: U. S. STEEL EXPORT CO., 30 Church St, New York 


Trade Mork Reg. U. $. Pat. OFF. (Exclusive of Canada and Great Britain) 
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that the stud is self-ejecting when unlocked and cay), ; 


readily recognized as being in that position during ).F 
pairs or re-assembling work. Stud part is also loch 
semipermanently in outer sheet and thus cannot be | 
or mislaid during removal of the cowling. The faste, 
is self-aligning after first installation. No vibration ,, 
curs when the fastener is in unlocked position. J, 
tapered design of the fastener permits ample clearayy 
for assembly of cowlings. It can also be used on cuny 
sheets of practically any radius. Deflection is held ty, 
minimum. All wearing parts are heat-treated and j; 
entire assembly is cadmium-plated for corrosion rei. 
ance. 


meee 


Deep Immersion Coolant Pump 


DENTIFIED as Mod- 
el “TL”, a new ver- 
tical “gusher” coolant 
pump has been designed 
by The Ruthman Ma- 
chinery Co., 1810 Read- 
ing road, Cincinnati, for 
deeper immersion. It is 
capable of handling sol- 
uble coolants containing 
grit and abrasives with- 
out injury to the mech- 
anism. An integral mount- 
ing flange is provided 
which is usually bolted 
to the reservoir cover or 
bedplate, forming a sim- 
plified installation in con- 
nection with a compara- 
tively deep reservoir 
which is frequently ar- 
ranged below floor level. No packing glands or frictit 
seals are used, nor are there any bearings or metal-to-meti 
contacts below the mounting flange. The one-piece shi 
rotates on two large ball bearings and extends from th 
motor through the tubular housing to the pump impel 
One bearing is mounted in upper motor end bell and ti 
other within the mounting flange housing, providing si 
ficient distance between bearings to maintain rigidity 4 
the heavy shaft extension. Weight and thrust of verticl 
shaft is taken by large lower bearing which is locked it! 
position. This feature eliminates any change in the po 
tion of the impeller both before and after the moti 
reaches its normal operating temperature. Equip? 
with %-horsepower totally enclosed motor for continu0 
duty, and %4-horsepower motor for extra-heavy duty, t! 
pump is available in two lengths from the mount! 
flange to the bottom of the pump, one being 23% inet 
and the other 195% inches. 


Synthetic Rubber Hose 


| Apoenig as Hycar OR-25, a new synthetic rubber hi 

been developed by Hycar Chemical Co., 335 M# 

street, Akron, O., for flexible hose and other aircraft pa" 

for extremely low temperature conditions. The male" 
(Continued on Page 174) 
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The Fighter Plan 
ing Old from the Governor 








| 
| 










Hyrum 





I 
Nvnnnvtiiiil), uel 








wi 








or frictiog MAY BE surprising to learn of vehicle 
1-to-meti 4 engine governors having something 
jiece shi incommon with modern combat planes. 

fron tl In governor design, the problem was 
impel one of space limitations...and, of course, 


precision. So designers selected the 


Il and the Torrington Needle Bearing since it com- 


iding si bined, happily, the necessary small size 
igiity j with a friction coefficient low enough to 
‘| assure a high degree of accuracy in 
of verti} governor operation. 
reked a Builders of fighter planes, on the other 
| the pos hand, were confronted with an entirely 
he motif different set of problems. A bearing for 
E quipps manual control mechanisms must not 
cutie only conserve space and weight, but 
‘ respond instantly —time after time. Yet 
duty, “} Strangely, or perhaps not so strangely, 
mounti® military aircraft manufacturers found 
354 inchs what they, too, were looking for in the 


eedle Bearing. And other features as 
well, which came in mighty handy as 
the war took increasingly to the air. 


In addition to this unique anti-friction 
aring’s compact design there was its 





ubber 
335 Me 
craft pi 

e mater 


igust, I 


effective lubrication, which helps keep 
em flying miles and often whole con- 
tinents from maintenance stations... 


high unit capacity, meeting the rigid 
load and weight requirements of these 
fast, maneuverable aircraft ...ease of 
operation, giving our pilots one more 





NEEDLE BEARINGS— 
ALL TYPES—ALL SIZES 


NEEDLE BEARINGS TYPE DC 
are complete, self-con- 
tained units consisting of 
a full complement of roll- 
ers and a drawn, hardened 
outer race. They offer the 
advantages of small size, 
low cost, high capacity— 
and easy installation. 





NEEDLE BEARINGS TYPE NCS con- 
sist of a full complement of rollers 
and a relatively heavy hardened 
outer race. They are furnished 
with or without inner races. Needle 
Bearings Type NCS are adaptable 
to heavier loads than Needle Bear- 
ings Type DC. 


NEEDLE ROLLERS TYPE LN 

are produced in a range 

of types and sizes for 

assembly on the job into 

low-cost, high-capacity, 

anti-friction bearing units. 

Our engineering depart- 

ment will be glad to advise on the correct 
size and type for any application. 














TORRINGTON NEEDLE 
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important edge in aerial combat...and 
ready availability—a vital factor help- 
ing to maintain and speed up our plane 
production. 


DOES THIS SUGGEST TO YOU POSSIBILITIES for 
adapting the Needle Bearing to your 
postwar designs? The people you serve 
are going to want, in their own products 
after Victory, the revolutionary prin- 
ciples that have improved performance 
and cut costs in war production. And 
the Needle Bearing offers all of them— 
light weight, compact design, infrequent 
lubrication, dependable operation, plus 
installation ease unique in an anti- 
friction bearing. For preliminary infor- 
mation, write for Catalog No. 109, 
which lists sizes, ratings and typical 
applications. Then let Torrington 
engineers help you work out whatever 
specific service problems may develop. 


THE TORRINGTON COMPANY 
Established 1866 © Torrington, Conn. * South Bend, Ind. 
Makers of Needle Bearings and Need/e Bearing Rollers 
New York 


Boston Philadelphia $=* 
Detroit Cleveland Seattle : . 
San Francisco Chicago Los Angeles a 
Toronto London, England Se, 
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The Cherry Blind Rivet makes it highly practical for 
the engineer to design up to efficiency without too 
many worries about how a riveted product can be 
fabricated. Cherry Rivets make blind riveting fast 
and easy. They have high shear and fatigue values 
so they may be used in either primary or secondary 
aircraft structures. 

Added speed in factory operations makes an 
appreciable saving in manufacturing costs. For 
servicing or repair work in the field Cherry Rivets 
save time, where time counts most. 










The complete story on Cherry Rivets is clearly 
Wrsh, the hard presented in the Handbook A-43. Request your 
jols sang with copy today, Department A-107, Cherry Rivet 

i ; a Company, Los Angeles 31, California. 

Cherry/Blind) Rivets 


CHERRY RIVETS, THEIR MANUFACTURE 
AND APPLICATION ARE COVERED BY 
U. S. PATENTS ISSUED AND PENDING. 
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(Continued from Page 170) 

possesses maximum oil resistance and good  tensik 
strength, resilience and heat resistance. Some of the use; 
of this flexible hose are for fuel and oil hose, coolant hose 
hydraulic hose and accumulator bags which mys 
“breathe” as they follow the variance of pressure to ao. 
tuate hydraulically operated mechanisms; diaphragms fo, 
carburetors; fuel gages and valves. 


Adjustable Lighting Unit 


NAFFECTED by machine vibration the new “Swiy. 

elier” machine-lighting unit of Reliance Devices (Co, 
Inc., 510 Sixth avenue, New York, stays put at any angle, 
with no set screws or wing nuts to adjust. It will not work 
loose or drop down because of patented spring construe. 
tion inside the swivel base and swivel socket. Swivel 
base and socket each have a wide range of movement: 
the socket adjusts to 90-degree vertical range and rotates 





350 degrees horizontally, and the arm in base also has 
a 90-degree vertical adjustment and 350-degree horizontal 
range. The spring tension construction holds the complete 
unit in place at any angle, putting light on the spot where 
needed. Wire is completely enclosed in unit, which is 
oil dust resistant. A choice of arm lengths, base and 
socket combinations, with switch in base and keyless sock 
et, or switchless base and key socket is available. There 
are also three types of shades. 


Synthetic Rubber Developed 


HEMURGIC rubber developed from vegetable oils 

—known as Witcogum—is claimed by Wishnick 
Tumpeer Inc., 40 East Forty-first street, New York, to be 
comparable to rubber in many of its properties, yet 00 
requiring critical materials or equipment for its produc- 
tion. Material is now being used for hose, tubing, wire 
insulation, gaskets, shims, brake linings, and similar parts 
It contains accelerator of guanadine type and _sufficiem! 
sulphur to give cure in 30 minutes at 40 pounds steam 
pressure. All necessary vulcanizing ingredients are al- 
ready present in material, though it may be loaded 0 
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METAL TUBING 
WE KNOW OF” 


They all agree that itis... 


And when production-conscious executives must 
have absolute, 100% tightness plus long life in flexi- 
ble metal tubing, they usually specify American 
Seamless Flexible Metal Tubing. For past experi- 
ence has shown them that this deluxe product will 
flex millions of times without failure. 


American Seamless is all-metal, made from seam- 
less tubes. It has neither joints, welds, laps, seams 
nor packing at which leaks might develop. It com- 
bines the flexibility of rubber hose, the depend- 
ability of metal, the strength of rigid pipe. 


Another interesting feature—you can get Ameri- 
can Seamless Tubing in practically any workable 
metal of your choice. 


e* ,erarees>® SS SOs 
*% 
SP ee receaees o44 


Throughout industry, American Seamless is al- 
most a password. Countless war plants are using 
it to convey air, fuel, water, chemicals, cutting 
compounds, refrigerants, propane and butane, 
manufactured freon, ammonia, oxygen, hydrogen, 
nitrogen, acetylene and many other fluids. They 
use it too for controlling vibration and for con- 
necting moving or misaligned parts. 


Whatever your require- 
ments you'll most likely 
find that we have a flexi- 
ble metal tubing cr hose 
that will help you do the 
job just a little bit better. 


American Seamless—corrugated 
from seamless rigid tubing... 
Pressure tight as the metal 
tube from which it is made, 


Why not investigate? 


43200 


“ American led flose 
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softened as requirements demand. It may be used inde. 
pendently or as extender blended with natural rubbe, 
reclaimed or synthetic rubber. Tensile strength of 45) 
pounds per square inch, elongation as high as 150 per 
cent, shore hardness of 6065 and tear of 45-50 pounds 
per inch can be obtained through proper compounding, 
Water, alcohol and lubricating oils have no apparent 
effect. 

































Flexible Aircraft Connector Link 


MBODYING two new and improved teatures, the ep. 
gine cowl ring connector link for aircraft announce, 
by Kinney Engineering Co., 2019 Bay street, Los Angeles 
incorporates a rubber bushing which absorbs engine ang 
flight vibration together with a simple rocker arm action 
or compensating principle that takes up normal engine 











Leoking Aft ot 
RADIAL INSTALLATION 


CYLINDER HEAD 


cowl 
ATTACHING 
studs 










¢. 


OSE Com, RING 


SKIRT COWL RING 


heat expansion. These features make possible a flexible, 
vibration-absorbing link of unusual strength that eliminates 
split cowling failures caused by excessive vibration trans- 
mitted from the engine to the cowling by the rigid type 
of connector link. The link is molded of aluminum alloy, 
heat-treated under continuous metallurgical control, and 
X-ray tested. It is completely machined and assembled 
and has an anodized finish. 





Drip-proof Induction Motor 


F sturdy con- 
struction, — the 

RS drip-proof it- 
duction motor of 
Lima Electric Mo- 
tor Co., 2001 Find- 
lay road, Lima, 0., 
is built in sizes from 
14 to 75 horsepower, 
2 or 3-phase, alter 
nating current. De- 
‘DEMAND THE BEST!’’ signed to afford 
maximum protection against chips and filings, dripping 
or splashing liquids, it is adaptable to machine tools and 











J-S.STAEOTLERLINCG. equipment for canneries, paper mills, dairies, packing 
gs-e6 weave svace? houses and other locations where a totally-enclosed motor 
NEW YORK,N.Y, is desirable. The motors are equipped with heavy-duty 


at o M: a 
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: For the Most Efficient Speed .. . 
| ,... for each machine... 


. «+ for each operator... 


L- 


The 
WORTHINGTON 
ALLSPEED DRIVE 

FEATURES. 


Lk” a 
i # 
ingle-unit construction 
+ «+ Compact and strong a 


16 to 1 oie | q 


highest speed ratio in its 
price range 


( 


4 i 
& 


ean 
MODEL A has fer 
From one-eighth motor 4 | ' 
speed . .. up to twice 8 (om ao 


motor speed. 3 to % hp. 


-| | 


' 


OO0IOd) o» 


The WORTHINGTON 
ALLSPEED DRIVE 


Reports from many plant engineers and time-study men show 
that their production has been stepped up 25% to 200% with 
this equipment. Another war-time value is the fact that it 
simplifies the training of machine operators . . . by permitting 
initial operation at low speeds, increasing the speed gradually 
as skill is acquired. 

The advantages of such FINGER-TIP SPEED CON- 
TROL are many and far-reaching. There are probably appli- 
cations in your plant in which the Worthington Allspeed 


Drive could be used to advantage. 
= 


Write for literature ...and ask 
the nearest Worthington office 
or dealer for a demonstration 













MV3-6 


WORTHINGTON 


WORTHINGTON PUMP & MACHINERY CORPORATION « GENERAL OFFICES: HARRISON, N. J. 
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ball bearings, heat-treated and ground shafts, dynamic, 
ly balanced rotors, and heavy rugged frames. Phase jy, | 
sulation is heavy varnished duck. 

















Tube Fittings for Hydraulic Systems 


YDRAULIC tube fittings for industrial use are being 

distributed by The Cotner-Wilkinson Co., Logans. 
port, Ind., under the tradename of “Collet Grip”, whic 
describes the principle used in the fittings to provide de. 
_ pendable connections without the necessity of threading 
welding or soldering. The double-nut series shown in the 
illustration is available in many models for tube sizes rang. 
ing from %-inch to 2 inches. Compression nut com. 
'presses the collet nut to tubing, giving a firm grip that 











IDEAL Wide V-Beit 
Pulley included in de- 
sign of tapping ma- 
chine. Permits infinitely 
variable control of 


2 
3 
q 
i work-speed between 15 
ao orden ber VA 
4 
§ 
j 
- 








will not loosen under vibration or shock. This nut also 
compensates for any variation in the outside diameter 
of the tubing. The collet nut, with its long bearing sur- 





faces, grips tube firmly and securely without damage. | 
This “Collet Grip” design places load on the tube, di- | 
recting pulling stresses and vibration strains away from 
the flare. Another series—the single-nut—retains all the 
| double-nut features but is much simplified for close work. 





maximum speed position. Motor Minimum Speed Position. Motor | a : for i7eS YT: i ; 14-inc inch 

dese to Given deave. VEER erway teow driven thenrs, Pulley It is made for tube sizes ranging from %4-inch to | inc 

at largest pitch diameter. open to smallest pitch diameter. inclusive. Short tube installations are practical with this 
Infinite range of speed up to 3 to 1 ratio. nut, which is also adaptable where space is limited. 


Proviae the RIGHT Speed to match each job! 
Give the machines you build greater versatility. Equip them to 
change speeds to suit different jobs—different operators—different 
materials. Install inexpensive IDEAL Variable Speed. By easy hand Quick-Releasing Hinge 
adjustments, your machines can be speeded up or slowed down 
instantly, while running, giving them an infinite range of speed { 


up to 3 to 1 ratio. EVELOPED 
Advantages... originally tor 
@ Both halves of sheaves move, @ Minimum overhang to belt ordnance use, a 
assuring perfect belt align- center line. : 
ment. @ Curved pulley faces assure new type of quick- 
@ Eusy to install—belt center full belt contact at all driv- . 
line fixed. ing Comstere. ” release hinge also 
ad , @ Dependable—all metal con- : s 
a — 'Y hh speed up souation with balanced has a wide potential 
. sheaves. 


range of commercial 


FREE applications. New- 
Seuss by 


ly introduced 
TRANSMISSION HANDBOOK © purklyn Co.. 3429 


Get this 52-page book filled with new Glendale boulevard, 


transmission ideas. Contains detailed [os Angeles, this new type of device combines 4 


data, on Variable Speed control equip- P . i f 
: . A . . inge ; ‘ ans inste releasing e hinge 10 
ment—technical engineering informa- hing and a means of inst intly rel ising th g 


tion, applications—how installed. Send | quick and easy removal of a door, hood, chute or other 
for your copy today! part. It is composed of a bracket housing spring-loaded 
Submit age -agevccose problems to attaching pins, the latter being equipped with finger pads 

eo ea to retract the pins. When pads are forced together, which 


I D ) ye B S can be done from any position even with gloved hand, 
tte alge As mentioned above, 


the hinged part is entirely free. 
Ste eUMPAUTATOR OSEESRBaCED the hinge was first built to replace former methods of 
1059 Park Avenue Sycamore, Ulinois 


‘ mee , see ; ; aircr: achine guns, 
‘Sales Offices in all Principal Cities” releasing ammunition chutes on aircraft mac gu 
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The extrusion of cordite is a ticklish job. Every 
conceivable precaution must be exercised to protect 
life and property. 

Our engineers were asked to cooperate. Because 
of the safety factors there were many complications. 

It was desirable, for example, to bring the ram 
down to the plug quickly to avoid wasting time. 
However, once the ram neared the cordite plug it 
had to stop, proceed automatically, and contact the 
plug without shock. There was still another con- 
dition. Once contact had been made, speed of ex- 
trusion and pressure had to be automatically con- 


Hele-Shaw 















—_ 





2302 AR AMIN GO 
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Fluid Power Pump 1:3 


AMERICAN ENGINEERING COMPANY 


AVENUE e 


jf 
ORDITE 


—and how Hele-Shaw Fluid 
Power Engineers tamed it 





trolled, depending on the consistency of the plug. 

After conferences with the manufacturer, we de- 
signed and furnished the entire pumping unit and 
oil circuit, including Hele-Shaw Fluid Power pumps 
and special controls. 

Your post-war thinking may lack the drama of a 
cordite extruder, but offer equally baffling problems 
in improving a product or process, or in simplifying 
control or operation of a machine. If you have an 
idea Hele-Shaw Fluid Power or Hele-Shaw engi- 
neers can help you in your post-war planning, you 
are invited to write for further assistance. 





OTHER A-E-CO PRODUCTS: TAYLOR STOKERS, 
MARINE DECK AUXILIARIES, LO-HED HOISTS 





PHILADELPHIA, 
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FLEXIBILITY 


that doesn’ 


DRY UP 


under 


HEAT 


The necessity of maintaining flexible 
lines on boiler room equipment and in other 
places where high temperatures are encountered 
raises a serious problem... particularly in these 
days of critical shortages of vital materials. 


CHIKSAN offers a solution to this problem 
which has proved its practicability in installa- 
tions such as that shown above, in which 
CHIKSAN High Temperature Swing Joints 
are used to provide necessary flexibility in fuel 
lines to industrial burners. 


CHIKSAN High Tem- 
perature Swing Joints 
withstand temperatures to 
700° F. and pressures to 
500 lbs. The packing is 
not affected by chemicals 
which are injurious to 
rubber or synthetic com- 
pounds. Supplied in 1/2"! 
to 4'' sizes, with threaded 
or flanged ends or bored 
for welding. Other types 
for pressures to 3,000 Ibs. 
and 225° F. Over 500 different Types, Styles 
and Sizes to choose from. 





Style 40. Two-way Swivel. 
One of 8 different Styles for 


rotation in 1, 2 and 3 planes. 


CHIKSAN REPRESENTATIVES IN PRINCIPAL CITIES 
DISTRIBUTED NATIONALLY BY CRANE CO. 


SSN TOOL COMPANY | 


BALL BEARING SWING JOINTS 
for ALL PURPOSES 





BREA, CALIFORNIA 





and now finds applications on machine tools, generato; 
housings and automotive equipment, on marine hate) 
covers, cowlings, folding seats and tables in aircraft, cap. 
inet lids and wherever hinged hoods or surtaces myy 
be occasionally removed for cleaning or service. Avail. 
able in several bracket designs and lengths from 2 to ¢ 
inches, the hinge is now in large scale production in nop. 
critical materials. 


Clutch-Head Screws Developed 


DAPTABLE to a wide range of head designs is the 
new clutch head used by United Screw & Bol 
Corp., 2515 West Cullerton street, Chicago, in its te. 
cessed head screws. Under various assembly conditions. 
according to the company, the new clutch head screw; 
have proved their merits. Either an assembly bit or a 


standard type screwdriver may be used. Driver does not 








slip out of the clutch recess so that finished surfaces do 
not become scratched. For initial assembly and condi- 
tions where screws are hard to get at or where a one- 
hand drive is required, an assembler’s bit is preferable. 
Screw and bit lock together by slight twist of screw, o 
bit, reducing possibility of dropping screws and saving 
time in assembly. Lock releases instantly when driving 
of screw starts. 


All-Leather V-Belt 


A’ ALL-LEATHER V-belt has been announced by 
The Charles A. Schieren Co., 37 Ferry street, New 
York. The design of the new belt is said to combine the 
pulling power of a flat leather surface and the grip of the 
V-drive. Full grain leather sides are firmly cemented to 
a leather core, which combines the strength of leather and 
the power transmission qualities of full grain leather side 
walls in contact with pulley sheaves. The new design 
also permits belt to run slack. Tests over the past tw? 
years have indicated that more revolutions per minute 
were provided, even in cases where belts were oil soaked, 
and the stretch was not worthy of notice. The V-belts 
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HYATT HAS THE ANSWERS 





10 ALL YOUR — 
RADIAL BEARING 
_ PROBLEMS 


vo wren ta cal tion, write for Bulletin 541A. 


A-TS For shafts of fixed location, carrying torsional 
and radial loads only. 


R-TS Same as above, but with one flange on the inner race. 


R-YS Where bearing is required to take light or inter- 
mittent thrust loads and locate the shaft in one direction. 
Has flange on inner and outer race. 


U-TS Where application has no provision to retain the 
outer race endwise, or where bearing must be assembled 
as a unit. 


U-TM For additional capacity on slow speed applica- 
tions. Similar to U-TS, but separator is omitted to allow 


.. With 9 Different Types of Hy-Load Bearings. 


In light and medium series, narrow and wide widths. 
Made to American Standards Association boundary 
dimensions — and to Hyatt standards of quality. The 
check list below shows how Hyatt Hy-Loads can solve 


radial bearing problems for you. For further informa- 


maximum number of rollers. 


U-YS When bearing must be assembled as a complete 
unit, and sustain light thrust or locate shaft in one 
direction. 


U-YM For additional capacity on slow speed applica- 
tions. Similar to U-YS, but separator is omitted to allow 
maximum number of rollers. 


BU-Z Where mounting conditions require that the 
roller and inner race assembly be kept with the shaft. 


BU-L Where bearing must also locate the shaft or 
sustain light thrust loads in one direction. 


Clip This Ad for Your Bearing Information File 


HYATT ROLLER BEARINGS 


HYATT BEARINGS DIVISION * GENERAL 
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Oliver Hydraulic Press for assembly of 

capped armor-piercing projectiles, de- 

signed and manufactured by Oliver Iron 

and Steel Corporation, Pittsburgh, Penn- 

sylvania. Employs seven Hanna Hy- 
draulic Cylinders. 


... With 
Hanna Hydraulic Cylinders 


UTTING “crimp” in a Crimping Press is just 
another of the 1001 uses for Hanna Cylinder- 
Power. 


Six Hanna Hydraulic Cylinders on the Oliver Shell 
Crimping Press, shown above, deliver the powerful 
squeeze which crimps the cap skirt to the body of 
lethal armor-piercing shot. A seventh Hanna Hy- 
draulic Cylinder holds the shot in position. 


Wherever there is a job involving a pushing, pull- 
ing, pressing or clamping action, Hanna Cylinders 
will do it smoothly, efficiently and economically. 
There is a Hanna Cylinder to meet nearly every 
conceivable mounting requirement — designed to 
operate with air, water, or oil — at pressures up to 
1500 pounds. 


Do you have cylinder-power applications in your 
plant? Without a doubt you do. Ask a Hanna En- 
gineer to go over them with you, for the chances 
are he can point out many ways 
in which you can simplify, 
speed-up and economize oper- 
ations. 


Hes yids 





Send for these catalogs — they will 
give you complete details on Hanna 
Air and Hydraulic Cylinders. 


HANNA ENGINEERING WORKS 


CHICAGO, ILLINOIS 
CYLINDERS * Air HOISTS 


1765 ELSTON AVENUE 
Air & Hydraulic RIVETERS * 
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are supplied in rolls of the three popular standard sizes 
A, B and C. Simple portable devices are provided to 
make the belts endless either when on or off the Pulleys 


Pressure Protection Unit 


OR use in synthetic rub- 
ber plant equipment or 





wherever corrosive or vis- 


cous chemicals warrant 
use of a rupture diaphragm 
beneath a relief valve, 
Black-Sivalls & Bryson Inc.., 
Kansas City, Mo., 
ing complete pressure pro- 
tection in its Master As- 
sembly valve. It 
combines the primary and 
emergency relief devices in 
one unit. A safety head iso- 
lates relief valve from cor- 





is offer- 





relief 





rosive or gummy contents 
of vessel. When diaphragm 
of safety head is burst by 
“conservation” 
until 


overpressure, 





relief valve blows 
pressure drops to normal, | 

then closes to conserve contents of vessel. 
proves inadequate and pressure continues to rise, dia- 
phragm of emergency safety head bursts before pressure 
reaches danger point. It is suggested that setting of 


safety head and relief valve should not exceed maximum 


If relief valve 


allowable working pressure of vessel. 


Air and Oil Duct Clamp 


O MEET production demands of aircraft manufac 
Marman Products Co., 940 West Redondo 
has developed a revolution- 


turers, 
boulevard, Inglewood, Calif., 











ary type of air and oil duct clamp. It is claimed that 
tests have shown it to have a positive equalized circum 
ferential loading that exerts equal pressure at every point, 

E 

I 

is 

ti 

’ 

tl 

n 

th 

6 

v 

3 

and it can be used over and over as its clamping efficient} 
is maintained indefinitely. Built especially for high- ae 

sure hot or cold installations for aircraft, automotive, t ™ 
or marine engines and assemblies, the diameter sizes of 
the clamp, 34-inch to 38 inches, conform to any conve 
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Precision in Plastics 


Limit switches, specifically designed for modern machine 
tools, call for complete precision in both design and fabrica- 











od. that tion. To the limit switch manufacturers, the Square D Com- 
circum- STYRON SIMPLIFIES MOLDING pany, and to the molders, the Kampa Manufacturing Company 
y point, OF TRANSPARENT CASE of Milwaukee, this demand for accuracy pointed to Styron- 
Dow’s transparent plastic used for the molded case. 
Ease of fabrication ranks high on the : : 
a of euttending Syren duvedter- Styron was selected because it possesses the electrical prop- 
iithin: Sicedten thie Prenat erties, heat resistance and dimensional stability required for 
Soy ane Sree open precision performance. Its outstanding insulating qualities 
fon molding material, one cavity for eliminate any tendency toward carbonization or carbon 
each part is sufficient for producing tracking from the small arc produced at the contacts. In addi- 
the housing illustrated above. Faster tion, Styron’s complete transparency permits visual inspection 
molding cycles are also possible. Thus, of the mechanism and, at the same time, permanently seals 
through Styron, the cost of fabricating the unit against tampering. 
equipment is reduced, and production THE DOW CHEMICAL COMPANY, MIDLAND, MICHIGAN . 
volume increased. New York «+ St. lovis + Chicago + Houston Son Francisco + Los Angeles + Seattle 
iciency 
h-pres- 
e, tank 
izes of 
conve! DOW PLASTICS 
CHEMICALS INDISPENSABLE 


108 ETHOCEL + SARAN 


TO INDUSTRY AND VICTORY 
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Its fichievements... 
Dis Possibilities 


Not so long ago, INDIUM was one of those 
curiosity metals. ..a curiosity partly because 
of its scarcity. But persistent research by our 
Tod ob ob Cored MS of -reyo} (Mb ol Comb tts) characteristics dis- 
(o) ok-t—To Mo t-jcopebt-Jebbetemebetotet-ieatod mn codnt (1 ma Gre) eleilhe 
rently came the search for commercial 
sources of supply. They were found. There is 
sufficient ‘‘ounceage”’ continually available 
to take care of present needs and to allow 


industry to develop further uses. 


INDIUM is being put to very practical military 


wse.... 


@ as the key wear-resistant ele- 
ment in bearing metals 


as a protecting element against 
surface corrosion 


as a hardening element for the 
non-ferrous metals 


as a superior metal in the elec- 
trical field 


INDIUM has been made 
ro aZost odo) (mm Comm betoltt-ita amet: 
the result of years of re- 
search and development 
carried on by the authori- 


OTe) ot oC 100 0) [-[ol a 


THE INDIUM CORPORATION OF AMERICA 


UTICA, N.Y. 


New York Office: 60 East 42nd Street 





surface whether square, oblong, circular or triangular, 
The clamp is strong and light in weight, can be easily jp. 
stalled and is adaptable to many uses. They are ayajp 
able from stock, in sizes mentioned, in various metals 
such as dural and aluminum, and cold-rolled, cadmiyp. 
plated, and stainless steel. Other sizes and types ap 
built to specifications. 


Four-way Air Manifold 


VAILABLE for immediate delivery is a new foy. 
way air manifold of Burklyn Co., 3429 Glendale 
boulevard, Los Angeles. 
type which accommodates up to four air hoses. 


The manifold is a suspensign 
It has 
a water trap and drain to reduce moisture from com 
pressed air reaching the air tools or jet outlets, and may 
be used with quick-detachable hose fittings or with straight 





screw-in connections. Intake is 42-inch pipe thread and 
the four outlets each are %4-inch pipe thread. The mani 


fold has found application in sandblasting machines, 


| spray-painting equipment and other industrial operations 


where extra air hose connections are needed from one 
main pipe or hose outlet. 


Engineering Dept. Equipment 


Redesigned Fluorescent Fixtures 


EDESIGNED to WPB requirements, the Generalite 

fluorescent fixture line is now being offered by The 
Fostoria Pressed Steel Corp., Fostoria, O. The nonmetal- 
lic reflectors are removable without turning off curren! 
V-shaped wiring channel separates 
Three four- 
lamp units are available for continuous line or individual 
lighting applications. Model MF-240 uses two 40-watt 
lamps and model MF-2100 uses two 100-watt lamps, both 
being equipped with conventional ballasts. 


or removing bulbs. 
the two 40-watt lamps and acts as reflector. 


Moisture-Resistant Tracing Cloth 


ECENTLY developed by The Frederick Post C0. 

Box 803, Chicago, is an improved white pencil trac 

ing cloth, Whitex. The outstanding feature of the tracing 

A hard 

pencil can be used to leave a sharp, jet-black line on the 

This feature plus the glass-like tran’ 
parency of the tracing cloth assures sharp prints. 


cloth is its moisture resistance on both sides. 


fine-tooth surface. 
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ANOTHER SOUTHERN ENGINEERING ACHIEVEMENT! 


Qo 





IN MAN-HOURS AND DOLLARS! 


Southern Engineering's Rivet Sorter #101-Model B makes 
obsolete all previous rivet sorting methods and conceptions. 
| At an approximate cost of 15 cents per pound (including 
investment, operation and depreciation) , its operation repre- 
sents remarkable savings in man-hours and costs. 

It speeds salvaging by efficiently sorting from 50 to 60 
pounds of rivets per hour. 

It conserves vital materials by salvaging rivets which 
would otherwise be replaced by new materials with addi- 
tonal manufacturing time and effort. 

It saves dollars and time by salvaging rivets formerly 
destined for re-melting and re-fabrication. 

Its operation within a reasonable period of time should 
present savings substantial enough to avoid a capital in- 
‘estment holdover in the event hostilities cease. 
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Zi. AT TREMENDOUS SAVINGS 


This unit sorts by lengths and shank diameters from 3/32" to 3/16" 
in increments of 1/32", 3/16" to 1/2" in length; in increments of 
1/16” in lengths of 1/2” to 1-1/2". It handies countersunk, brazier, 
fiat and round head rivets. (Your present operation sorts by materials, 
i.e. magnesium, steel, Dural, etc.) #101-Model B consists of two 
sections: The Screening Section sorts by shank diameters, and the 
ingenious Disc Sorter Section selects certain type heads and all rivets 
by length. 
Write today for a quotation covering your requirements. 


SOUTHERN ENGINEERING CO., INCORPORATED 
816 West Fifth Street Los Angeles 13, California 
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ICE president of { 
* Ll , 
the American So- «a 
DAY Z ciety for Testing Ma- 
N terials for the past 
ZZ_ZSs two years, Dean Har- 





vey has been elected 
president of the soci- 
ety. He is a mate- 
rials engineer at West- 
inghouse Electric & 
Mfg. Co., East Pitts- 
burgh, and has been 
connected with the 
company for 39 years. 
Since 1941 he _ has 
averaged three to four 
days weekly in Wash- 
ington as a dollar-a-year man, serving as section chief of 
the Conservation Division of the War Production Board. 
In this capacity he has directed the revision of goven- 
ment specifications for electrical and mechanical equip- 
ment to provide for the conservation of critical mate- 
rials. Born in Chicago, Mr. Harvey is an electrical er- 




















Only McGILL “Solidend” MULTIROL gineering graduate of Armour Institute of Technology. | 
Bearings have provision for incidental Upon graduation he joined the Underwriters Laboratories 

thrust loads. The inner race is made as electrical engineer and later went to Westinghouse. | 
.010 to .015 inch wider than the outer His activities within the A.S.T.M. have been many and | 
race and roller assembly. Plain bronze varied and, in addition to his wide background in mate: | 


rials, will enable him to perform in an outstanding mar- 


thrust washers can be assembled on 
ner his duties as president of the society. 


either side and have a clearance when 
no thrust load is present. Incidental 
thrust in either direction is taken up 
between these bronze washers and face 
of bearing. No other bearing can be 
mounted this way. 


OMIN&A 
rf TION of Nevi | 
E. Funk, vice pres: 
dent in charge of et- 
gineering, Philadel 
phia_ Electric 0. 
Philadelphia, as pres 
ident of American In- 
stitute of Electricd 
Engineers has_ bee! 


This is another of the many reasons 
why McGILL “Solidend” MULTIROL 
Bearings are proving themselves _to- 
day’s answer to today’s needs. Use 
your Priority to get McGILL “Solidend” 





Superiority. announced __ recently 
A native of Pennsyl 
C vania, Mr. Funk wa 
[G IL graduated fro 

Bloomsburg re A 
Normal School a 
MANUFACTURING CO., INC. Lehigh saniversity 
BEARERS DEVMGON —- S659 Ho, Latayetie St. After graduation he served an apprentice course wit! 
Valparaiso, Indiana Westinghouse Electric & Mfg. Co., and later became ©” 
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GUN MOUNTS PLANED 4 TIMES FASTER! 


New Type Planer Delivers Amazing 
Production—Uses Link-Belt 
Silverlink Roller Chain 






Machine designed and built 
by Klieber Engineering 
Company, Indianapolis. 
Reversing and speed re- 
duction drives use other, 
single-width Silverlink 
Roller Chains. 


By pulling the cutter-head across the work, instead of pushing the work against the cutter, 
this unique planer gives essential war material an exceptionally smooth finish, free from 
chatter-marks. A double-width Link-Belt Silverlink Roller Chain pulls the cutter with 
equal steadiness in either direction, making it practical to cut both ways; thus production is 
boosted. The rugged, precisely built chain with its resilient curled rollers eliminates lost 
motion and vibration, a vital factor in the kigh quality performance of the machine. Doing 
a better job—faster, Link-Belt Silverlink Roller Chains, at work on countless applications 
in every type of industry, are doing their part for Victory. Link-Belt Company, Indianapolis, 
Chicago, Philadelphia, Atlanta, San Francisco, Dallas, Toronto. Offices, distributors and 
warehouses in all principal cities. 


9181 






In cooperation with the govern- 
ment conser vation program. Silver- 
link roller chain is now furnished 
in a durable “blackout”’ finish. 


LIN K- 
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‘Easy Does It’ 


Oz High Pressure 
Operations 





NOPAK Balanced HY-PRESSURE 
HYDRAULIC VALVES make positive, 
accurate control of high-pressure oil- 
hydraulic* power a simple matter. It 
permits machine operators to work at 
top speed and efficiency all day long 
without strain or fatigue. The net result 
is increased capacity and production 
for hydraulic machinery equipped with 
NOPAK Balanced HY-PRESSURE 
Hydraulic Operating Valves. 


*Special chrome plated valves are available for water hy- 
draulic applications where lubricating compound is added. 





... ONLY ONE 
MOVING PART 


— the one-piece spindle 
of forged nickel alloy, heat 
treated and hardened for 
long life, 


Sfheegfy These Advantages 


Easy manipulation at pressures up to 
1500 P.S.I. and more — freedom from 
pressure locking — more accurate 
control of high pressures — low 
pressure drop thru valve — freedom 
from valve maintenance — increased 
productivity of your machines. All 
these advantages become part of 
your machines when you specify 
NOPAK Balanced HY-PRESSURE Hy- 
draulic Valves. Write for literature. 


GALLAND-HENNING MFG. CO. 
2752 SOUTH 31st STREET @ MILWAUKEE 7, WISCONSIN 
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NOP, DA Representatives in Principal Cities 
VALVES and CYLINDERS 


DESIGNED for AIR or HYDRAULIC SERVICE 








nected with the New York Central Railroad. Prior tp 
entering the employ of the Philadelphia Electric Co, jy 
1907, he was assistant professor at the Georgia Schoo} 
of Technology. Mr. Funk’s association with the Phil. 
adelphia company has been marked with consistent ad. 
vancement from his first job to vice president, the pos. 
tion he has held for twelve years. For many years he 
has been prominent in activities of various technical and 
engineering societies, notably the American Institute of 
Electrical Engineers and the American Society of Me 
chanical Engineers, and is a Fellow in each organization, 
He has served as director of the institute and on a num. 
ber of its national committees, including chairmanship of 
the Lamme and Edison medal committees. To his credit 
also are 43 technical papers which he has presented at 
local or national society meetings, including the Second 
World Power conference in Berlin. 


¢ 

Ror S. CLark has been nominated president of the Na- 
tional Metal Trades association; H. H. Kerr, vice president; 
and GrorcEe A. SEYLER, second vice president and treas- 
urer. Mr. Clark is vice president and treasurer of the 
Package Machinery Co.; Mr. Kerr, president of the Boston 
Gear Works; and Mr. Seyler, vice president of the Lunken- 
heimer Co., Cincinnati. 

» 

J]. Farkas has joined Commonwealth Aircraft Inc. as 
engineering manager. He is well known in the aviation 
industry as a production expert and an engineering test 
pilot, and has been connected with aircraft since 1924. 

’ 

Dr. WiLLarp Henry Dow has been selected as the 
Chandler lecturer and medalist for 1943 for Columbia 
university. Dr. Dow is president of the Dow Chemical 
Co. and has made some outstanding “achievements . . . . 
in producing bromine and magnesium from sea water and 
of synthetic plastics and rubber.” 

¢ 


R. W. LyTLe, associated with Formica Insulation Co. 
for twenty years, has been elected vice president in charge 
of special engineering. 

¢ 

James M. SHOEMAKER, formerly assistant engineer, has 
been appointed chief engineer at Chance Vought Aircraft. 
Paut S. Baker, chief test pilot, is now engineering man- 
ager. Mr. Shoemaker joined the company in 1934 as proj- 
ect engineer, was named chief project engineer in 1941, 
and last November was promoted to the post of assistant 
engineer. Mr. Baker has been with the company since 
1930. 

° 

Dr. WALTER SAVAGE Lanois has been awarded the gold 
medal of the American Institute of Chemists “in recogni- 
tion of his contribution to chemical engineering and devel- 
opment work”. He is vice president of American Cyana- 


mid Co. 
rs 


Dr. Rospert M. Burns of Bell Telephone Laboratories 
was elected president of the Electrochemical Society. 
. 
]. Paut AHLBRANDT has been made chief engineer of 
Midwest Mfg. Co., Galesburg, Ill. For the past fifteen 
months he had been connected with the Office of War 


Ps] 
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Breakdowns in power transmission in 24-hour 


driving coal conveyor 
plants are eliminated where plant engineers 


1c. as specify the 
jation ' 
s the 4 1) Bye 


imbia Top drive ve W 0 * M G e \ 
mical oa 3 


‘ar ee for heavy duty drives, particularly in locations 
| involving exposure to grit, dust and moisture. 


The two moving parts of the gear run in a 
bath of oil and it is self-lubricating, requiring 
no attention beyond inspection of the level in 
the oil well at long intervals. 


The unit does not throw grease or oil. 


Safety guards are unnecessary, as the work- 
ing parts are enclosed. 


The efficiency is high, and improves with use. 


Gear shaft vertical ° . . 
The drive is smooth and quiet. It is also 


positive; there is no slippage, regardless of 


starting torque. 


Double reduction . — — 7 
Describe conditions and ask for Publication 


W-1132,' 


) ees 
ories WORM GEAR DIVISION 
of the De Laval Steam Turbine Co., Trenton, N. J. 
r of MANUFACTURERS CF TURBINES STEAM, HYDRAULIC PUMPS CENTRIFUGAL PROPELLER 
rteen ROTARY DISPLACEMENT, MOTOR-MOUNTED MIiXED-FLOW CLOGLESS SELF PRIMINE 
| CENTRIFUGAL BLOWERS and COMPRESSORS; GEARS WORM. HELICAL ord FLEXIBLE COUPLINGS 


War 
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Harnessing Vibration 
ON 
AUSTIN- 
WESTERN 
44Q99”” 
POWER 
GRADERS 








—with 
DOUBLE-LOCKING 


PALNUTS 


Wherever you’ve got a nut and bolt assembly that must stay 
tight, you’ve got a place for Double Locking PALNUTS. For 
over 15 years, these single thread, tempered spring steel lock- 
nuts have proved their dependability on peacetime and war 
equipment of all kinds. 


Austin-Western “99” Power Graders 
are subjected to terrific vibration and 
stresses. To prevent loosening of 
structural assemblies, nuts and bolts 
are securely locked with PALNUTS 
—a safeguard that has never failed 
under severest service. 


PALNUTS are easily, speedily applied 
on top of regular nuts, requiring only 
3 bolt threads space. They are light 
in weight, low in cost, may be re- 
used, are interchangeable with other 
approved locking devices. PAL- 
NUTS are. providing unfailing 
double-locked security on aircraft, 
army tanks, motor vehicles, road and 
farm machinery, electrical and me- 
chanical equipment of every type. 
Wide range of sizes to fit standard 
bolt threads. Send details of your 
fastening problem for samples and 
copy of Palnut Manual No. 1. 


THE PALNUT COMPANY 


75 Cordier Street Irvington, N. J. 


DOUBLE-LOCKING 


PALNUTS 





Double Locking Action 


When the PALNUT is 
tightened, its arched, 
slotted jaws grip the bolt 
like a chuck (B-B), while 
spring tension is exerted 
upward on the bolt thread 
and downward on the 
regular nut (A-A), securely 
locking both. 
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Utilities, War Production Board, and previously with ]p. | 
gersoll Steel & Disk division, Borg-Warner Corp., for 
eight years. 
4 
CarLTon E. StryKER has been appointed chief of the 
Conservation and Standards division, Resources Cont 
Office, Aircraft Production Board. 


g 


Pror. F. J. LinsENMEYER has resigned as director of 
mechanical engineering, University of Detroit, after J; 
years as a member of the faculty. His new position 
that of chief engineer, National Stamping Co., Detroit 

+ 


VINCENT BENDIx is the new chairman of the Lang. 
ley Aviation Corp., New York, organized to develop mold. 
ed plastic plywood process, design and construction meth. 
ods for mass production of aircraft and parts. Mr. Bendix 
is a former Society of Automotive Engineers president, and 
is a well known automotive and aeronautical design and 
manufacturing executive. 

¢ 

Cuartes S. McCann, formerly assistant supervisor of 
engine testing, Aviation Engine plant, Buick Motor divi 
sion, is now director of research of Walker Mfg. Co., Ra. 
cine, Wis. 

+ 

Co. Joun H. Jovetr has been made president of the 

Bellanca Aircraft Corp. He formerly was evecutive vice 





president, Higgins Aircraft Inc. 
° ; 
Leonarp A. CoLstTon, a designer at North Americai| 
Aviation Inc., Inglewood, has been made contract engi- 
neer with Lockheed Overseas Corp., and is stationed a 
a foreign base. 
+ 
Mites E. Jonnson has accepted a position as enginee! 
for Draper Motors, Detroit. His previous connection was 
that of division engineer with Continental Aviation and 
Engineering Corp. 
¢ 
G. ALLEN CREIGHTON has joined the Lycoming division 
The Aviation Corp., Williamsport, Pa., as assistant et 
perimental engineer. He has resigned as assistant to the 
chief engineer, Electric Boat Co., New London Ship ‘ 
Engine Works. 
+ 
G. E. Gustarson, chief engineer since 1933 and assis 
ant vice president since 1940 of Zenith Radio Corp., Chi 
cago, has been appointed vice president in charge of et 
gineering. 
° . 
C. C. Hermann, formerly chief engineer, has bee! 
made general manager, Claude B. Schneible Co., Chicag? 


¢ 


R. D. Speas, who prior to his present appointment hat 
been a research engineer, has become assistant to the vice 
president of engineering, American Airlines Inc. Li 
Guardia Airport, Jackson Heights, L. I., N. Y. 

+ 

J. J. Watwace has become acting assistant chief en? 
neer at the General Aircraft Corp., Astoria, L. I., N.} 
He had been connected with Bristol Aircraft divisio 
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* STABILIZED to keep its tough- 





ness and transparency — that’s 


1d. assist Albanene Tracing Paper. Because 

hi- . « . 
nore it is treated with crystal-clear 
je ” . . 
Albanite, a new synthetic solid 


“i developed in the K&E laborato- 
as Deel 


Chicag? ries—Albanene will not oxidize, 


become brittle or lose transpar- 
rent had 
the vice 
ne., Li proved drawing surface takes ink 


ency with age. Albanene’s im- 


or pencil fluently, erases with ease seciecaiaiall 


of ext ... Ask your K&E dealer. KEUFFEL & ESSER CO: Est 1867 


. 


division CHICAGO - NEWYORK + HOBOKEN, N. J.» MONTREAL 
ST. LOUIS + SAN FRANCISCO + LOS ANGELES + DETROIT 
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When it’s powered by Allis- 


Chalmers ... 


you are 


guaranteeing customer ac- 


ceptance! 


Backed by nearly 100 years experience 


in industrial power equipment manufacture, heavy- 
duty in every respect, high in torque, A-C Power 
Units give users more h.p. per dollar invested . 

smooth, steady performance on heavy pulls or inter- 


mittent loads. 


These and other advantages make 


them the choice of many manufacturers. You'll find 
they fit your requirements, too! Investigate! Write for 
descriptive literature. A few users are listed below. 


MANUFACTURERS AND 


IOWA MFG. CO., Cedar Rapids, lowa 
Rock Crushing and Screening Plants 
UNIVERSAL ENGINEERING CORP. 
Cedar Rapids, lowa 
Rock Crushing and Screening Plants 
LIPPMAN ENGINEERING WKS. 
Milwaukee, Wis. 
Rock Crushing Plants 
RODGERS IRON WORKS 
Joplin, Missouri 
Rock Crushing Plants 
SMITH ENGINEERING WORKS 
Milwaukee, Wis. 
Rock Crushing and Screening Plants 
UNIVERSAL ROAD MACHINERY CO. 
Kingston, N. Y. 
Rock Crushing and Screening Plants 
HETHERINGTON & BERNER 
Indianapolis, Ind. 
Asphalt Mixing Plants 
PIONEER ENGINEERING WORKS 
Minneapolis, Minn. 
Rock Crushing and Screening Plants 
DIAMOND IRON WORKS 
Minneapolis, Minn. 
Rock Crushing and Screening Plants 


GRUENDLER CRUSHER & PULVERIZER CO. 


St. Louis, Mo. 
Rock Crushing and Screening Plants 
ALA. MACHINERY & SUPPLY CO. 
Montgomery, Ala. 
Portable Sawmills 
AMERICAN SAWMILL MACHINERY CO. 
New York City 
Portable Sawmills 
CORLEY MFG. CO. Chattanooga, Tenn. 
Portable Sawmills 
LAYNE BOWLER, INC. Memphis, Tenn. 
Agricultural and Industrial 
Water Pumps 


PRODUCTS POWERED 


GRIFFIN WELLPOINT CORP. 
New York City 
Industrial Drainage Pumps 
FOOD MACHINERY CORP. 
Division of Peerless Pump Co. 
Fresno, Calif. 
Agricultural and Industrial 
Water Pumps 
G. & H. MACHINE WORKS 
Pompano, Florida 
Drainage and Irrigation Pumps 
C. B. SKINNER CO. New Orleans,La. 
Gasoline & Oil Barge 
Unloading Pumps 
C. M. JOURNEY CO. Memphis, Tenn. 
Water Well Drills 
RODGERS HYDRAULIC CO. 
Minneapolis, Minn. 
Portable Hydraulic Presses 
REFRIGERATION ENGINEERING CO. 
Minneapolis, Minn. 
Refrigeration Plants 
INDUSTRIAL MACHINERY CO. 
Kansas City, Mo. 
Portable Air Compressors 
SEAMAN MOTORS CO. 
Milwaukee, Wis. 
Rotary Mixers 
THOMSON MACHINERY CO. 
Labadieville, La. 
Sugar Cane Harvesters 
EYERLY AIRCRAFT CO. Salem, Oregon 
Amusement Rides 
KREMER MOTOR CO. Gulfport, Miss. 
Marine Applications 
FAIRBANKS, MORSE & COMPANY 
Chicago, Ill. 
Pumps 
CORINTH MACHINERY COMPANY 
Corinth, Miss. 
Portable Sawmills 


POWER UNITS sszes...15 10 110 Bn. 


e GASOLINE @ DISTILLATES «© NATURAL GAS @ BUTANE 





ALLIS:CHALMERS 


TRACTOR DIVISION © MILWAUKEE, U. S. A. 


Universal Moulded Products Corp., Bristol, Va., as assig. 
ant chief engineer. 
¢ 


BENHAM S. Ponp, who had formerly been assistant chief | 


engineer, Acrotorque Co., Stamford, Conn., has joined 


the Dowty Equipment Corporation’s special developmen | 


division, of the same city, in the capacity of director of 
this division. 
¢ 
FRANK E., 
vision chief, has been appointed manager of the Murra 
Corp., Scranton, Pa., plant now under construction. 0, FE 


McGary, engineering and mechanical dj. 


GraEBNER, Chief engineer, replaces Mr. McGary at the | 


main division of the Murray plant in Detroit. 
¢ 
Rozpert INSLEY has been made vice president and ¢- 
ecutive engineer of Continental Motors Corp. He for 
merly was vice president in charge of engineering at 
Menasco Mfg. Co. Prior to this—in 1928—Mr. Insley 
was connected with Continental and helped organize the 
company’s aircraft division. 
¢ 
GreorcE H. KENDALL, consulting mechanical engineer, 
Norma-Hoffman Bearings Corp., has become associated 
with Sargent & Co., New Haven, Conn., as chief engineer. 
¢ 
Lronarp Troy has been appointed vice president in 
charge of engineering at Strickland Aircraft Corp, 
Topeka, Kan. He had been associated with Snead & Co, 
in the Aeronautics division. 
¢ 
E. B. GeorcE has become vice president and director of 
engineering, Leland Electric Co. 
SJ 
DeLtMarR Wricut has been made director of a new 
radio and electronic research department of Bendix Avia- 


tion Ltd. 
a 


A. L. Pomeroy, formerly automotive engineer, has be- 
come test engineer with Ranger Aircraft Engines, division 
of Fairchild Engine & Airplane Corp., Farmingdale, L. I, 
N. Y. 

¢ 

Harovp E. Koester has been promoted chief engineer 
from assistant chief engineer of Righter Mfg. Co., Bur 
bank, Calit. 

¢ 

DonaLp M. Berces who previously had been chief em 
gineer at Eclipse Aviation division, Bendix Aviation Corp. 
has joined the Pump Engineering Service Corp., Cleve 
land, to serve in a special engineering capacity. 

+ 


R. H. Luscompe, of Penn Electric Switch Co., Goshet, 
Ind., has been appointed president of the Refrigeration 
Equipment Manufacturers association. A. B. SCHELLEN- 
BERG of Alco Valve Co., St. Louis, becomes vice president 


of the organization. 
« 


R. W. LytLe, associated with Formica Insulation ©. 
for twenty years, has been elected vice president 
charge of special engineering, including automotive and 
aircraft engineering. D. J. O'Connor becomes assistant 
chief engineer. 
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cA standard of quality built upon generation 
after generation of skilled workmanship in 
making Colt Revolvers and Automatics and 
maintained in Colt Electrical Products. 

















Colt Magnetic Motor Starters 
with Floating Magnet Action 


Ball Bearing floating action assures positive ~ 
| magnet operation without friction. Com- | 
- bination automatic or hand reset. Ask for 

copy of COLTALOG which describes this and | 
other Colt Electrical Products. 


( T Laugincced MOTOR CONTROLS 


COLT’S PATENT FIRE ARMS MFG. CO., ELECTRICAL DIVISION, HARTFORD, CONN. 


MacHINE Desicn—August, 1943 193 








OHMITE 


\Rheostats 
\ 








Widest Range of 
Sizes for Every 
Rheostat Need 


Today’s critical service require- 





For Contro] o 














Electronic = | 


ments further emphasize the basically 
sound design of Ohmite Rheostats. 
Their many time-proved features 
provide permanently smooth, close 
control in countless applications. 


For Control of There are ten wattage sizes 
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Instruments and ranging from 25 to 1000 watts—from 

Test Apparatus 1 9/16” diam. to 12” diam.—in 

straight or tapered winding—in single 

or tandem units—in regular or special 

designs to provide the exact unit for 

> each application. Units produced 

to Government specifications. Ohmite 

engineers are glad to assist 

Cor, Control of you on any rheostat problem. 
ent and Voltage 


OHMITE MANUFACTURING CO. 
4831 Flournoy St. e¢ Chicago, U.S.A. 


Write on company 
letterhead for Catalog 
and Engineering 
Manual No. 40. 





NOTEWORTHY 
PATENTS 


Clutch Operates with Geneva Mechanism | 


N MECHANISMS employing geneva gearing, it may }y 


necessary to disengage the driving part from the driver 
in order to perform certain operations. In any such me. 
chanical disengagement the driven part must be held and 
locked in a predetermined position so that the driving 
part may be reengaged at a later time without interrupt. 
ing the orderly sequence of motion. 
for this purpose, which requires no critical adjustments 
and is of simple construction, is covered by patent 2,307, 


A clutch mechanism 


112, recently assigned to International Business Machine: 
Corp. 
Referring to the illustration, continuous motion is sup- 


Spring 
4 : 2 Driving shaft 


ont H|| ie 
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Rear disk Side plates 
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Hy 
0 
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Maanet 


Clutch mechanism is shown disengaged so that genevo 
gear is held locked. When magnet is energized lever is 
raised, permitting roller to enter slot in geneva ged 


plied to the driving shaft by a gear, the shaft being sup 
ported by a bearing in the side plate. A disk fastened to 
the end of the driving shaft supports a second disk s¢ 
cured to it and spaced from it by three spacer pins. AD 
arm pivoted on the rear face of the front disk carries # 


| pin which projects through a slot in the disk. The slot 


is in the form of an arc and limits the travel of the am. 
A roller attached to the pin on the front side of the from! 


| disk engages a stationary shroud when in the position 
| shown, or may engage with the geneva gear when at the 
| outer end of the slot. Locking and unlocking of the 
| geneva gear is effected by engagement with a hollow 


sector projecting from the front face of the front disk. 
The arm carrying the roller is normally held in its out’ 
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loos “EYES FOR INDUSTRY’ 


Like all industrial tools, General Radio stroboscopes — the Strobotac and 
Stroblux — are scarce. All that we can produce are needed in production, 
maintenance and research associated with the war effort. 

The multiplicity of uses that the war has developed for stroboscopes 
vill provide valuable design and production data for post-war industry. In 
the meantime, the every-day applications of this versatile electronic 
instrument are worth considering in your post-war plans. 

“Eyes for Industry” will tell you how the stroboscope 
works and how industry uses it. If you have not used a 
General Radio Strobotac in your plant, this booklet 
may point the way toward better designs and more 
eficient production. If stroboscopic methods of 
speed measurement and analysis are familiar to you, 
this booklet may help you to get still greater useful- 


ness from your Strobotac. 


GENERAL RADIO COMPANY Qp> Sammie 3.tes 
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Suitable for handling normal control 
currents. Adjustable between | and 
3333 revolutions—for speeds up to 
1200 rpm. 


1. Only this shaft is attached to moving 
machinery —easy to get to—easy to 
attach and detach. 


2. Only top of housing is removed to 
set—no need to disturb mechanical 
or electric connection. Wiring is easy, 
too—requires no disconnecting of 
mechanical connection or setting. 


3. Working unit is simple, self-con- 
tained and easily removable. 


LNYEN GSD 


The second star of continued achieve- 
ment has now been added to the Bayard 
Navy “E”’ Pennant. 





M. L. BAYARD & CO. Ine. + ENGINEERS + MACHINISTS - PHILADELPHIA 
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position by a tension spring. A _ pivoted lever with 
fulcrum, linkage and operating arm is normally held j 
the position shown in the figure, so that a cam face 
the end of the lever forces the roller into the hollow sea 
as the disk is rotated. When the lever is pulled ay 
from the sector by the action of an electromagnet 
roller is allowed to engage the slot in the geneva gear, 






















Cam Face Controls Operation 













| 
In operation the disk is continuously rotated jp A | 
clockwise direction, and the roller on the end of the anit 
tends to stay in its outer position through the combi 
action of the spring and centrifugal force. When 
clutch is disengaged, however, and the roller is camnefiim™ 
into the hollow sector by the cam face, the driven geneyj ns 
gear is locked in position by the roller riding upon th ie 
concave face of the shroud and also on the curved sie 
face of the geneva gear even when released by the sect, By ‘ 
When the clutch is to be engaged the magnet is at 
gized, raising the lever so that the cam face no long 
cams the roller into the hollow sector but allows it tog 
gage a slot in the geneva gear, causing it to rotate counte 
clockwise as it is released by the sector. The roller} 
maintained in proper position by the convex face of 
shroud and the 



























as 











geneva gear is advanced one tooth. 






Phototube Measures Twist in Rotating She 






EASUREMENT of torque or power transmitte 
through shafting is complicated by the ditticultiesi 
herent in determining the angle of twist in a rotating 
shaft. A new method employing polarized light and: 
phototube offers the advantages of requiring no slip ring 
or mechanical connections to the shaft and is claimed t 
be highiy reliable. The device is covered by patent 2,313; 
923, recently assigned to the Westinghouse Electric sp 
Manufacturing Co. 

As shown in the accompanying schematic diagram, tle 


















Batter 
ij i 


Light source 


a 4. Polarizer \ 




















Power shaft 
Half-wave plate 





Half-wave piate 


Generator 


Wattmeter 





Twist in shaft section between half-wave plates rotates 


plane of polarized light beam, affecting illumination 
phototube and controlling current to wattmeter 


2. 


twist in the power-transmitting shaft is measured by the 
angular displacement of two half-wave plates attached ® 
the shaft some distance apart. Each half-wave plate § 
in the form of a circular disk and is made of a mately 
such as cellophane which is doubly refractive. Whee 





PP lcuve 
MAcHINE Desicn—August, 19” 
































d in de 


the a 


‘ombinglit 
Jhen th 


cammel 


Nn geney 
upon the 
ved sur 


le sect. ay 
is nen 
10 Longe 
it to a | 


counte 
roller § 
e of 
th. 


y She 


nsmitted 
ulties 


rotating 


rt and 2 
slip ring 
aimed t 


ectric &f 


§ 
ram, thep 





\ 
fattmeter 


s rotates 
ation of 
ter 


1 by the 
ached to 


plate 5 
materi 


‘ust, 19 








Making the molds, preparing the metal, 
casting it, heat-treating the finished cast- 
ings; these are things requiring great skill. 
These men have it! As the demand for 
planes continues to soar, there is greater 
need for magnesium castings. These men 
make them! 

American Magnesium foundrymen, like all 
other workers here, are backed by the know- 
how that comes from more than twenty years 
of working with magnesium. Constant re- 
search has kept Mazlo Magnesium products 
at the head of the parade throughout the 
years. Today, that knowledge is producing 
superior parts for war materiel. 


MAGNESIUM 





American Magnesium workers realize that 
every piece they produce is going to Uncle 
Sam's fighting men. As they boost their 
production, they are helping their sons, 
their brothers, their former fellow-workers. 
No wonder they have a will to win. 

All of this fabricating skill, this will to do 
an expert job, will be at your command when 
the demands of war are taken care of. Mazlo 
Magnesium products .. . castings, forgings, 
extruded shapes and sheet. . . will help you 
employ this lightest of the lightweight metals 
to best advantage. Sales Agent: Aluminum 
Company of America, 1703 Gulf Building, 
Pittsburgh, Pennsylvania. 


PRODUCTS 


“a ato 


“AMERICAN MAGNESIUM 
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LOW TEMPERATURE 
WELDING 


gssiBLe WITH 


EP 
= Auuoy N 


o. 16 


Patented - 








—CASsTOLIN Eutectic 


PROBLEM 


Fabrication of this intri- 
cate steel aircraft: tubular 
assembly with high tem- 
perature fusion welding 
was impractical because 
the high heat resulted in 
distortion and softening of 
the metal. Additional time 
required for machining the 
joints rendered the process 


too costly. 


SOLUTION 


Castolin Eutectic Alloy No. 
16 eliminated the distor- 
tion and softening of the 
metal. How? This Low 
Temperature alloy binds at 
1300° F. e Gives tensile 
strength of 117,000 Ibs. 
per sq. in. ¢ Three times 
faster than fusion welding 
e One third the cost of 
silver solder — three times 
the strength e Clean thin 
fillets eliminate after-ma- 
chining. 





Castolin Eutectic Alloy No. 16 for-use on all steels: 
chrome-moly, chrome nickel, high speed vanadium steel, 
iron and malleable iron. Also for joining these to other 
metals and for tool salvaging. 
Only ‘'Eutectic> Alloys’ are: the true Low Temperature Welding 
Alloys that are revolutionizing production welding, maintenance 
welding and salvaging in war plants throughout the nation. 


There are 42 specialized rods for every metal and every welding 
job. Developed and manufactured only by Eutectic Welding 


Alloys Company. * Reg. U.S. Pat. Off 


New 36 page Welding Data Book R Write Today 


EWUTECTIC 


WELDING ALLOYS COMPANY 





SOLE MANUFACTURER - CASTOLIN EUTECTIC WELDING ALLOYS 
40 WORTH STREET, NEW YORK.N.Y 
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| composed into two mutually perpendicular Componer: 


light enters a doubly refractive crystal in a direction yy 
parallel to the optical axis, the incident vibration is 


which travel through the crystal with difficult Velocitis 
If the thickness of the material is such that these ad 
ponents emerge out of phase by one-half wave lengt, 
it is regarded as a half-wave plate for the particular ligh 
used. 

Light trom a monochromatic source is projected in; 
parallel beam through the polarizer where it is ch 
to plane polarized light before passing through the 
wave plates. When the optical axes of the two half. 
plates are displaced due to twist in the shatt the planed 
polarization of the light emerging trom the second 
is shifted by twice the angle of shaft twist. Thus the; 
tensity of light emergency from the analyzer is a fune} 
of the twist in the shaft, and this tact is utilized by hay 
ing the light fall on a phototube which controls the gy. 
rent flowing through an indicating meter. 













Gives Direct Reading in Horsepower 


















In the arrangement shown a direct-current wattmeteri 
used, the indications being proportional to torque | 
measured by current flowing through the phototube a 
stationary coils) multiplied by speed (as measured by on 
rent output of a generator driven by the shaft, Hows 
through the moving coil). The meter may thus be 
brated in horsepower. Adjustment is made so that 
light falling on the phototube at zero torque is one/ 
of the maximum illumination. A variable resistor is 
set so that the two stationary field coils balance ma 
cally. As light falls on the phototube the current in 
left-hand coil varies proportionately and becomes great 
or less than the current in the right-hand coil. Th 
residual magnetic field multiplied by the field of the mo 
ing coil, which is proportional to the speed of the shal 
gives the power. 

Increased sensitivity may be achieved by providir 
multiple half-plate disks. Alternate disks are attach 
respectively, to the shaft and to the free end of a lo 
sleeve whose other end is secured to the shaft. Relatiy 
movement of the disks is equal to the twist in the sh 
along the length of the sleeve. 











You 

Insures Torque Transmission to Driven Whe 
You 

ONVENTIONAL differential mechanisms, such 4 ition 
C are used on automobile rear ends, divide the a tile th 
ing torque equally between the two driven shafts reg} o4) 1 
less of their respective speeds. This means that whe! esnene 
one of the shafts experiences no resistance, as happens whe plant, 
a car wheel encounters a slippery road surtace such “F furnac 
ice, no torque can be transmitted to the other shatt eithh Ang 
An alternative drive which permits different shaft spe silver. 
but insures torque transmission to at least one is covel’® ed to ; 
by patent 2,315,299, assigned to C. F. Gobright Inc. Find 
Essential parts of the mechanism are shown in the # for yor 
companying illustration. The two driven shafts are actl® cal Sal 


ated through jaw clutches which are capable of overs 
ning, though not at the same time. Driven merabe 
are splined to each shaft while the clutch driving me 
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Get EXTRA HOURS AHEAD on War Orders 
















..get your Steel Parts \ \ 


ma 
nel a 





y v4 


You can often save waiting for orders for scarce and critical alloys .. . for 
Chapmanizing imparts costly-alloy hardness to free-machining steels, 
where specifications permit substitution. 

You can save hardening time . . . for Chapmanizing requires only 1 to 
4hours to produce a case from .002” to .035” deep, so tough and duc- 
tile that it won’t chip, check, or warp. You can have your war-essential 
steel parts Chapmanized promptly in the Chapman plant... in the 
nearest Chapman-licensed plant . . . or on a contract basis in your own 
plant, simply by hooking up Chapmanizer units to present pot-type 
furnaces, 

And you can save finish-grinding time .. . for Chapmanized parts are 
silver clean, uniformly hard.Distortion, warping and growth are reduc- 
ed to a minimum. 

Find out how this exclusive surface-hardening process can save time 
for you, as it has for scores of other war plants. Write to the Metallurgi- 
cal Sales Division of 


THE CHAPMAN VALVE MFG. CO. 
INDIAN ORCHARD, MASS. 


Time of Processing in Hours 
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3 R. Kinkead, one of the best = 
known independent welding 3 Kay 


consultants, prepared this se- ——- 
ries of design plates based on = 


actual experience in many in- 
dustries. The illustrations at Le 
right show you several sheets. 
They are to help firms interested 
in new welding designs. You'll 
marvel at the profitable sug- 
gestions your engineering staff 
will find applicable to your 
problems. This initial group of 
plates comes without cost or 
obligation if you're interested 
in modernizing your product 
with arc welding. No one inter- 
ested in arc welding savings 
should be without this material | 
—another Hobart welding con- 
tribution. 


HOBART BROTHERS CO., 
BOX MD-83, TROY, OHIO 


REAL ance 


APL EES 


ARC WELDERS 





\“One of the werld’s bacgest Builders of Are Welders” y 
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* 


bers are splined on their outer circumterences tor engag. Ea 
ment with a housing attached to the main driving wea 4 
The two clutch driving members are normally held in 
gagement with their mating driven elements by a helig 


<r 


compression spring, and the driven shafts rotate at equ fie 


speeds. 


Pe, 


Overrunning Disengages Clutch 


EY sts ds 


When conditions are such that their speeds should yf 
different, as when a car turns a corner, the tendency ; 
for the higher speed shaft to overrun the driven elemey 
However, each ciutch driven member is provided wij 
a series of slanted cam teeth which mesh with simily 
teeth in the clutch disengaging member. The clutch dif 
engaging members are both splined on the central mem. 
ber and have shoulders bearing against corresponding 
shoulders in the clutch driving members. Relative » 
tation between one of the clutch driven elements ay 
the corresponding clutch disengaging member permite 
by the backlash between the teeth, creates a pressure ef 
tween the cam teeth which forces the clutch disengaging 


WR XATPA ee nN Meet RS Sete 


oy ee ea 


pO palin GahME, 


Compression spring 


ath Clutchdis engaging : 
— \ member ' 
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~- me - \ 7 
| = i 
_|) SSS a) 
aR } central member 









Driven shaft 








Cam teeth 
Clutch disengaging mem ber 


Elements of assembled axle compensator (upper) “ 
shown in exploded view (lower) 


member inward, carrying the clutch driving member w! 
it against the resistance of the spring. Thereafter ov 
running continues, the clutch teeth sliding on their ¢ 
faces until rotation brings the teeth again into positi 
for engagement, whereupon the driving clutch element 
pushed outward by the spring. It, however, overrun: 
still continues the cam teeth again cause disengageme! i, 
and the process is repeated until the two shaft speeds . # 
become equal again. 

It will be noted that as soon as overrunning o0ccl 
torque is transmitted only through the shaft which 
running slower. Disengagement of both shatts sim 
taneously is avoided by proportioning the clutch d 
members so that when one element is fully disengaged th 
two practically abut and the other element is preventet 
from moving out of engagement. 














b 


+ 19M cure 
MACHINE Desicn—August, MEM acting 


T engage Ne 


vINg gea 


eld in ¢, 
7 a helical 
> at equa fi 


should }y i 
ndency iff 
1 element ft 
ided wit iy 


th simily 


tutch dis 
tral men. fy 


esponding 


lative 1p. 


nents and 
permitted 
ossure be. 
sen gaging 


"9 


ngagino 
abort ; 


A 

h) 
aoe | 
2m ber 


yen shaft 


pper) ol 


nber wi! 
tter ove! 
their ef 
» positic 
»lement ! 
errunnili 
gagemel 


ft speed 


g occu 
which » 
ts simu: 
h driving 
gaged thi 
prevent! 


gust, 19 
























If you have a gearing problem, bring it to 
Westinghouse. Skilled Micarta engineers will be 
glad to study your product and analyze its 
applications. And they will give you the benefit 
of 35 years’ experience with industrial plastics. 


This experience is particularly extensive with 
respect to applications where resilience, absence 
of friction and quiet operation are of supreme 
importance... 

FOR EXAMPLE, IN TEXTILE SPINNING FRAMES, thousands 


of tiny Micarta gears give service that is essentially 


frictionless and noiseless. 


IN CARGO WINCHES, Micarta gears provide quieter opera- 
tion than is possible with any other type of gearing 
material. Absence of friction reduces fire hazard by 


eliminating sparks. 


Westinghouse 


PLANTS IN 25 CITIES OFFICES EVERYWHERE 
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AND IN MANY OTHER INDUSTRIES . . . hundreds of thous- 
ands of other Micarta gears are in use where dependa- 
bility is vital. 

In these applications, Micarta has replaced 
metals and other critical materials and is serving 
better. In every case, Micarta absorbs vibrations 
and cushions repeated shocks without deteriora- 
tion. 


When your present manufacturing operations 
call for nonmetallic gears, or where gears are 
involved in your postwar plans, be sure you have 
all the facts about Micarta. Westinghouse 
Electric & Manufacturing Company, East 
Pittsburgh, Pennsylvania. J-06337 


JAN 


— 
TYPICAL MICARTA TOUGH JOBS IN 
WAR APPLICATIONS 


Aircraft structural parts 
Industrial gears 
Instrument panels 
Steel mill bearings 
Thrust washers 





i 


Marine bearings 
Protective helmet liners 
Aircraft control pulleys 
Bus supports 

Fuse mountings 
Insulating washers 
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PRECISION PARTS 





4 MORE ACES UP 
UNCLE SAM'S SLEEVE 


hips nme 
Be By, 









Precision-machined, precision-ground on all diameters and threads, 


Elevating shafts . . . vertical training shafts . . . screw 
leveling shafts . . . just so many metal parts to the unini- 
tiated. To the Jap pilot in a Zero, however, they mean 
anti-aircraft fire too accurate for comfort. 

These vital parts of an anti-aircraft gun are typical of 
the ability of Ace to do fine precision-work on a mass- 
production basis. The ground tolerances are .0003” (1/30 
the thickness of a human hair) . . . key-ways are held 
within .0004” and must be absolutely parallel from end to 
end and side to side . . . concentricity between diameters 
is held to less than .0005” . . . and threads must be ground 
for the fine accuracy so essential to final assembly and 
quick replacement. 

Today, the demand is for speed, and Ace offers its 
facilities to other manufacturers on a 24-hour-a-day, 
7-day-a-week pro- 
duction basis, em- 
bracing: 1. The 
finest machines in 
the industry. 2. 
Managerial know- 
how for producing 
parts twice as fine, 
ten times as fast, 
as ever before. If 
you have small 
parts for stamp- 
ing, machining, 
grinding, or as- 
sembling, send us 
asample, asketch, 
or a blue-print for 
quotation. 


This new booklet describes the facilities available 
at Ace forthe machining,assembling and heat treat- 
ing of small parts. A copy will be gladly sent 
upon request, 


ACE MANUFACTURING 
CORPORATION 
for Precision Parts 

1201 E. ERIE AVE., PHILADELPHIA 24, PA. 
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ASSETS to a BOOKCAS 


Synthetic Adhesives 


By Paul I. Smith; published by the Chemical Pp 
lishing Co. Inc., Brooklyn, N. Y.; 125 pages, 5h bp 
8% inches; clothbound; available througn MACHINE 
Desicn, $3.00 postpaid. 


As a practical aid in selecting the type of adhesive bey 
suited to a particular purpose this book will be useful 
to the engineer concerned with joining different materigh 
such as wood, metals, plastics, glass, rubber, textile 
paper, etc. Subjects covered in the ten chapters include: 
Dry gluefilm phenol-formaldehyde resin, phenol-formald. 
hyde liquid and solid glues, cellulose adhesives, polyviny| 
cement, acrylic resin cements, chlorinated rubber anf 
synthetic rubber cements, miscellaneous adhesives, use of 
synthetic adhesives in the manufacture of aeronautied 
improved plywood and high-density woods, and gener 
applications of synthetic adhesives in industry. Th 
final chapter on general applications is in the form of a 
extensive four-column series of tables listing various ip 
dustries, applications, types of resins used for thes 
applications, and main advantages of the selected resins, 


O O ODO 


Dynamical Analogies 


By Harry F. Olson, acoustical research director, 
RCA laboratories, Princeton, N. J.; published by D. 
Van Nostrand Co. Inc., New York; 196 pages, 542 by 
8% inches, clothbound; available through MACHINE 
Desicn, $2.75 postpaid. 


Affording a means of greatly simplifying the analysis 
vibrating systems, the analogies between electrical, me 
chanical and acoustical systems are worthy of more co 
sideration than hitherto has been accorded them by me 
chanical engineers. Certain basic elements in each sys 
tem correspond with each other when reduced to mathe 
matical form. For example, corresponding to the basi 
dimension of mass, analogous elements are inductance: 
(electrical), mass (mechanical rectilineal) , moment of it- 
ertia (mechanical rotational), and inertance ( acoustical FOR 
Corresponding to the basic dimension of length are ele 
trical charge, linear displacement, angular displacemet! 
and volume displacement. Forces corresponding to ma 
times the rate of change of these basic dimensions # 
respectively, electromotive force, force, torque, and pres 
sure. From this starting point complete analogies are de 
veloped for all physical quantities in each of the four 
systems. 

Purpose of the book is to enable the mechanic 
or acoustical engineer to set up the electrical netwo" 
which is analogous to the problem to be solved, then! 
solve this electrical network by conventional circuit theor 
or even by experiment, and finally to convert the ans¥® 
back into the original system. The reason for so doint 
is that at the present time electrical circuit theory has bee! 
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OPEN IT... 


FOR MANY OF THE ANSWERS YOU MAY WANT TO KNOW ABOUT FELT 


If you do not already use the Felters Catalog, send for it uses and advantages of Felters Felt. 
today. It was planned and written to supply you with the And...the Felters Engineering Department and the 
‘undamentals of felt functions... tell you about the many Felters Laboratory are always available to determine the 
different types of Felters Felt and their wide variety of uses. answers to any questions that our catalog aud engineering 
Also, we will be glad to put your name on the list for bulletins cannot supply. 
Felters Engineering Bulletins, published from time to time So, please get in touch with us when we can be of any 
(0 give greater details about some of the specific service to you. There is no obligation. 


rue Felters Company inc. 


210-E SOUTH STREET, BOSTON, MASSACHUSETTS 


Offices: New York, Philadelphia, Chicago, Detroit + Sales Representatives: Dallas, Los Angeles, Nashville, 
St. Louis, St. Paul + Mills: Johnson City, New York; Millbury, Massachusetts; Jackson, Michigan 
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You owe it to your immediate and 
postwar production plans to be 
fully informed of the versatility of 
forming metal parts in a hurry by the 
Spincraft method of Metal Spin- 
ning. 


We can't tell you all you should 


know in this space, but a 40 page 


data book is being prepared for 
just that purpose. You'll need this 
information, so get on the mailing 
list today by writing for Spincraft 
Bulletin A. 


MILWAUKEE METAL SPINNING COMPANY 


3504 West Pierce Street 
Milwaukee 4, Wisconsin 


Spincraft 


Reg. U, S. Patent Office, 











developed to a much higher state than the correspongj 
theory of mechanical systems. , 

Analogies discussed include vibrating systems of ,, 
two and three degrees of freedom, corrective networ 
wave filters, transients, driving systems (for Convertin; 
electrical vibrations into mechanical or acoustical yjb, 
tions), generating systems (for converting mechanical , 
acoustical vibrations into electrical variations), theoren; 
and applications. Among sample applications }yie), 
discussed are an automobile muffler, an electric hair gj 
per with dynamic vibration absorber, a rotational yil;, 
tion damper, various types of vibration isolation, and , 
automobile suspension system. 

Inasmuch as mechanical engineers often are concer! 
with problems of cyclic heat flow, consideration of ¢, 
thermal analogy would have added greatly to the value ¢ 
the book. Perhaps the author will develop this additii 
al analogy in a later edition. 


O O OQ 


Analytic Mechanics 


By Sherman Daniel Chambers, Purdue University, 
and Virgil Moring Faires, Agricultural and Mechani- 
cal College of Texas; published by The Macmillan Co., 
New York; 375 pages, 6 by 9 inches, clothbound; 
available through Macuine Desicn, $3.75 postpaid. 


Although a revision of Chambers’ Mechanics of Eng. 
neering, this is a completely rewritten book. Explan 
tions and discussions have been made more complete ail 
a greater number of worked examples and _ problems it 
cluded, resulting in a larger book although few new topi« 
have been added. 

The book is divided into twenty chapters, covering tle 
usual elementary topics in statics and dynamics. With: 
large number of worked examples and no less than 138) 
problems, many with answers, the book is well adapted t 
self study. 


O O OQ 


Resistance Welding Manual 


Published by the Resistance Welder Manufacturers 
association, Philadelphia; 286 pages, 6 by 9 inches, 
semiflexible clothbound; available through MAcHINE 
Desicn, $2.50 postpaid. 


Covering exclusively all of the material on resistant 
welding which appears in the current edition of the Well 
ing Handbook, this manual is a practical reference whic! 
treats all aspects of the subject. The six chapters, eat! 
prepared by a committee of authors and _ consultant 
deal with the fundamentals of resistance welding, 1° 
tance welding processes, resistance welding machitt 
controls and timing devices, electrodes, electrode holdesf 
and conductors, definitions and symbols. : 

Although much of the discussion is highly specializé? 
having to do with details of the processes and of the ™ 
chines used, designers considering methods of fabricatit! 
will find some useful information on the advantages # 
limitations of the various resistance welding processes fa 
different kinds of jobs and materials. 
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Every man who works with Stainless Steel 
needs a copy of the Handbook compiled by the 
Rustless Iron and Steel Corporation. 


It is the end-product of the vast experience of 
the only company in the United States, all of 
whose facilities are devoted exclusively to making 
Stainless Steel. 


In pictures, charts, graphs and photo-micro- Zz 
graphs . . . in clear, explicit words .. . it tells a 
what Stainless Steel will, and will not accomplish. - 
It is your guidebook on when, where, how and 
why to use the various types of Stainless. A copy 
will be sent to you on request. 











Rustless Service does not stop with placing 
this book in your hands. Every order we receive 
from you is checked and rechecked by men who 
(like all Rustless personnel) are specialists on 
the applications of Stainless Steel. They will 
help you to avoid ordering the wrong type of 
Stainless Steel. 
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1F IT’S URGENT, 
ASK RUSTLESS BY PHONE. 
CALL WOLFE 5400, BALTIMORE, MD. 


ls Spang Sam 


SALES OFFICES: BUFFALO © CHICAGO © CINCINNATI © CLEVELAND © DETROIT © LOS ANGELES © NEW YORK © PHILADELPHIA © DISTRIBUTORS IN PRINCIPAL CITIES 





RUSTLESS IRON AND STEEL CORPORATION, BALTIMORE, MARYLAND 
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GET THe ReghE HYDRAULIC 


CIRCUIT FOR NEW DESIGNS 


UNIT-TYPE TRANSMISSIONS 
DESIGNED TO SUIT YOUR NEEDS 


Getting the right hydraulic circuit for your new machine or other 
industrial equipment designs is simple. Barnes’ Hydraulic Engi- 
neers will be glad to work with you and make recommendations 
for obtaining a trouble-free hydraulic unit, for either new designs 
or present equipment. All elements needed to make your equip- 
ment perform smoothly will be contained in a unit designed to 
blend in with the design of your equipment. 






The unit will be shipped to you ready to install. Connecting two 
pipes to each cylinder and mounting the unit in position is prac- 
tically the only additional work required in your plant. 












FREE DATA 
40-page booklet contains detail descrip- 
tions of all Barnes elements and typical 
installation circuits. Write for your copy 
today. Ask for bulletin M.D. 843. 


John §. Barnes Corporation 


MAIN OFFICE 
AND FACTORY 
ROCKFORD, ILL. 






DETROIT SALES OFFICE 
503 NEW CENTER BLDG. 
TR-1-1706 
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DESIGN 
ABSTRACTS 


Cooling Problems in Tank Engines 


NE of the major obstacles to the use of liquid-cook 

engines in combat vehicles is the greater airfy 
required and consequent difficulty involved in their eg, 
ing. The reason for this is that whereas the fins of aj 
cooled engine cylinders in operation will rarely dr 
below the perfectly satisfactory temperature of 350 degres 
Fahr., 225 degrees is usually considered the practic; 
limit for radiator temperature in the cooling system of 
liquid-cooled engine. Assuming operation at an ap 
bient temperature of 125 degrees, the water-cooled engin 
permits only a 100-degree temperature differential whil 
the air-cooled engine has a temperature differential ¢ 
225 degrees in which to work. 


Efficient Baffling Is Requirement 


On the other hand, successful cooling of finned cyli 
ders requires both an adequate flow of cooling air an 
efficient baffling of the individual cylinders. Much studi 
has been devoted to baffling of finned cylinders, notab) 
by the N.A.C.A., and this feature may be considered » 
longer subject to radical change. Fan capacity may 
adequate but it is often found that proper cooling i 
still not realized because inlet and outlet passages are 
tortuous and obstructed as to reduce the airflow belo 
the critical value. Unless care is taken to avoid air i 
circulation, cooling efficiency may be seriously reduce 
thereby. Too, high fuel temperatures may reduce vap 
lock and require auxiliary equipment to overcome thi 
effect. 

In any type of combat vehicle, particularly with tanh 
the difficulties of cooling are tremendous because the ¢ 
gine virtually is enclosed, especially in action. — Eithi 
air cooling or water cooling, properly designed, is sati 
factory, except that certain difficult military  situatio 
likely to arise point to air cooling as being the more sat 


factory of the two. 
Cooling System Faces Hazards 


Leakage, puncture of the radiator by enemy fire, clog 
ging of radiators from without by dust, dirt and tw 
or restrictions within the system for the same reas! 
are real problems. One of the most urgent current ¢ 
mands from the field is for steam jennies to clean | 
radiator cores. In many theaters of operations watel 
neither available nor suitable for use, aside from ‘ 
ability of the crew to replenish water supply in combi 
Maintenance difficulties due to vibration, and other 
tors, all militate against the use of water-cooled eng 
The problem of liquid-cooled engines under winter ¢o™ 


. U2 
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IN MOLDED PLASTICS 











This molded plastic valve liner pro- 
vides a smooth, corrosion resistant 
surface for its working parts. But a 
complete valve of this material could 
not withstand the required pressure of 


150 pounds. 


2 The malleable iron valve body in 
which this liner is used can easily stand the 
pressure — but is neither corrosion-proof nor 
smooth enough to be used alone. 


Put them both together, though, and you’ve 
got a valve body equalling in performance the 
one formerly made of brass. The Sloan Valve 
Company of Chicago makes their new Victory 
Valve this way — and accelerated service tests, 
equivalent to six years of heaviest service, show 
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CHICAGO/MOLDED | 


ELBE LP 
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this design can take it. Result: Saving of 
4,000,000 lbs. of critical copper a year! 


This is the kind of pioneering — and the type 
of cooperation with manufacturers’ engineers— 
that’s built the nation-wide reputation of CMP 
development engineers. Behind these men stand 
the finest production facilities in the middle 
west. W ouldn’t you like to have them look over 
your problems? No obligation — call or 


write. 

Ask for “PLASTICS PROGRESS” Pope 
This FREE monthly bulletin is yours 

for the asking. Interesting discus- 

sions of materials and techniques, 

case histories of conversions tof 

plastics, new designs, etc. Write for ~ a 


—on your letterhead, please. 


PRODUCTS CORPORATION 


lp fe 
ka 






1028 North Kolmar Avenue, Chicago, 51, Ill. 


COMPRESSION, 
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INJECTION AND TRANSFER MOLDING OF ALL PLASTIC MATERIALS 





WHEN AIR BATTLES HINGE ON 
Fact REFUELING... 


Fighting planes require fast refueling and service. Every 
minute counis. Pumping units, powered by small gasoline 
engines, provide faster servicing of planes. Here again, 
some of the hundreds of thousands of dependable, instant- 
starting Briggs & Stratton engines, now serving our 
armed forces, are on combat duty. 


Meeting wartime demands for 


Briggs & Stratton gasoline 


engines has proved a BIG 
JOB. But we like big jobs. 
In fact, we’d like to see just 
how big a job we can handle 
with our facilities for high 
quality, precision production. 
We will welcome the opportunity 
of discussing your 4-cycle, air- 
cooled gasoline engine require- 


ments — either for immediate or 
post-war needs. 


BRIGGS & STRATTON 


CORPORATION 
Milwaukee 1, Wis., U.S.A. 


FOR VICTORY 
BUY WAR BONDS 


~ GASOLINE Y 
ENGINES 





tions likewise is a serious one. A letter I recently receive 
from an Ordnance officer in Russia said, “I{ people couk 
see the difficulties involved in handling liquid-cooled tan 
engines in a Russian winter, the argument in fayor Of ai 
cooling would be settled once and for all.” 

The additional weight involved in water Cooling 
another argument against its use. This is a major item 
affecting the ciiaracteristics of both mobility and proter. 
tion. The Ordnance department would prefer a ty 
of weight in additional armor to a ton of dead engine 
weight. Differently expressed, for equal horsepower an 
performance characteristics, an engine weighing one to; 
more than another automatically costs us one ton of pro- 


| tection if gross weights are comparable—From , 


paper by Lt.-Col. R. J. Icks, Ordnance department, pr. 
sented at the recent S.A.E. War Materiel meeting in 


| Detroit. 


Thermoplastic Has High Heat Resistance 


RTICLES molded from a new high heat-resistant 
methyl methacrylate resin molding powder will no 
soften appreciably or distort’ when exposed to a temper- 
ture of 212 degrees Fahr. Fhis is 30 to 40 degrees above 
the useful temperatures for similar articles made from 
other commercial thermoplastic molding powders. Air- 
plane flying light lenses, dial and meter faces, medical 
and dental instruments, and airport and railroad signa 
light lenses are among the applications for which this new 
Lucite plastic molding powder has been developed. 
The molding powders are prepared from the same basic 
materials as the cast sheets, quantities of which now ar 
formed into noses, gun turrets, navigation blisters and 


other transparent enclosures on military planes. The high 


\ 


heat-resistant formula has approximately the same me. 
chanical, optical, electrical and molding properties as the 
general-purpose molding powders now used for reflectors 
on military vehicles, army compasses, navy control equip- 
ment indicators and other items of ordnance. Articles made 
from it may be clear, or the powder may be dyed « 
pigmented to desired colors. 


Can Be Used with Existing Equipment 


The new formula has been developed for use in exist 
ing compression, injection and extrusion equipment. Bes 
technique for molding requires injection temperatures 
30-50 degrees Fahr. higher than are used for regula 
Lucite. However, it is advisable to employ the lowes 
temperature at which the die cavities will fill. 

The new powder will be available also in granular fom 
for compression molding, and has all the temperatut 
characteristics of the injection or extrusion powder. 
extrusion results are obtained by using a short screw and 
a low screw speed, preferably five revolutions per minute 
or less. Stock must be thoroughly dried. A  moistut 
content not exceeding .02 per cent is necessary for best 
extrusion results— From a talk by G. M. Kuettel, Plas 
tics Department, E. I. duPont de Nemours & Co., the 
recent annual meeting of the Society of the Plastics Indus- 
try in Chicago. 
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TO HELP YOU LICK THE MANPOWER SHORTAGE 
BY MAKING YOUR WORKERS MORE EFFICIENT 


_ me: 


















TRAINING FILM—Ready now! A 
slide film with sound, produced to aid 
the men servicing fighting aircraft in 
the field, or the men and women build- 
ing all types of electrical equipment 
where AN Connectors are used. Clears 
up confusing terminology. Explains 
assembly techniques. Shows how AN 
part numbers are established and fa- 
cilitates ordering of replacements. 


CATALOGS — Your engineering de- 
partment, production executives and 
service men need the basic informa- 
tion clearly presented in the new cat- 
alogs covering many types of Cannon 
Connectors used in any industry em- 
ploying electrically operated devices. 


SF Wa CHARTS — One chart gives 
 . insert arrangements and shell sizes 


on AN specification connectors at a 
glance. The other gives catalog num- 
bers of all AN fittings. Both charts 
aid the designer, and the man in the 
= a field who is servicing any type of 
equipment on which AN electrical 
connectors are used. 
















C A os Ni oO N & L & i T Q i  « If any or all of these visual aids 


will help your employees to be- 
come more efficient, attach this 


Cannon Electric Development Company coupon to your firm letterhead. 
Dept. A-107, 3209 Humboldt St. * Los Angeles, California 


Please send us more information on the visual 


; eg Short-Circuit Sammy is a genius at getting 
aids checked below: into trouble, but he raises some pretty good 


TRA questions in the Cannon Plug training film. 
INING FILM O CATALOGS O WALL CHART O His Y aot yoo characteristics are confined 
a to showing how not to do certain operations 
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Gite 
for PRODUCTION 


its no substitute for 
air power in many functions of ma- 
chine operation—working thru air cyl- 
inders, air chucks, air clutches, air 
brakes, etc. 


NORGREN LUBRO CONTROL UNITS 
mean air power at its best! Filter: Cleans the 
air of destructive grit and corrosive emulsions. 
Regulating value: Controls pressures positively, 
without cutting down the sparkling power so 
vital to peak performance. Lubricator: Auto- 
matically injects oil into air stream, lubricating 
every working part. Checks wear in use. Stops 
corrosion when idle. 


More than 115,000 NORGRENS now 
in the Battle of Production! 











os 


Thanks to Norgren Lubrication, 
the air cylinder driving air clutch, collets and ex- 
pansion’ arbors of the Lipe-Rollway ‘Carbo’ 
Lathe will operate as faultlessly as the entire 
machine itself, 


eee 


CATALOG 400 



















_ becomes 143,000-+-11900— 155,000 pounds per sq 


Designing Ring Springs 


(Concluded from Page 127) 








The tension stress o; in the outer ring at P, = 1099 
pounds is obtained from Equation 7, 


100000 .25 


= = 143,000 psi 
7X .584X .095 










Since A,—A, in this case, from Equation 5, the fog 
going will also be equal to the compression stress in i 
inner ring. Usually in practice, however, the inner q 
area A; is made smaller than A, since it has been foy 
from experience that higher working stresses may be y 
in compression than in tension. For example, draft gq 
springs have been designed for a circumferential tensiq 
stress of 125,000 pounds per square inch in the outer tig 
as compared with a compression stress of 210,000 pounfj 




























per square inch in the inner rings when the spring§ 
solid (2). 

Assuming that the design proportions of the spring 
so chosen that the projected contact length b (Fig. 3) 


.79-inch at a load of 100,000 pounds, then from Equatiti 
11 the compressive stress og,’ in the contact area is 



















143000 .584 ; 
agenesis 
2X 4.58X.79X .97 








Adding this to the tension stress go; 143,000 pount 
per square inch, the equivalent stress in the outer mig 































inch. This is a slightly higher value than would bea 
tained if the contact compressive stresses were neglected 






As an approximate indication of loads and deflection§ 
possible for this type of spring the accompanying tabk/ 
Page 127, published by Edgewater Steel Co., is usel| 

Ring springs must be provided with lubrication since) AE’ 
dry spring will gall and stick under comparatively lig! 
service. A graphite grease may be used for this purpo 
Such a lubricant not only decreases the friction coefficiet!f SMoKe 


thereby reducing the heat generated, but also acts a‘ plants e 
coolant. trial sky 
eee “ a — 2 oe 
In general, ring springs must also be provided \ laie 


guides, either internal or external, to prevent sidew 
buckling. Such guides are usually provided with a cle# 


sible.”” } 
ance of about two per cent of the diameter. achiever 

Besides the applications previously mentioned, mfg anc 
springs have been used in a variety of types of set" others, 


: . : slactin c¢ ste Lieve > ‘ — 4 “peceg shod 
| including elastic supports for bedplates in presses, SM" In on 
absorbers for guns, flexible draw-bars for trailers 2 7 
; : chances 
buffers for cranes. 
semblie 
REFERENCES workma 
es 
1. O. R. Wikander—“The Ring Spring”, Mechanical Engineering, : cords 
1926, Page 1389 and “Characteristics of the Ring Spring , Ameri 
Machinist, Feb. 14, 1924. uns 


2. L. E. Endsley—‘‘Draft Gear Springs—Past and Present”, Reali 3 
Mechanical Engineer, July 1933. ’ 

3. S. Timoshenko—Strength of Materials, Van Nostrand, Second Editi" BEHI! 
Part 2, Page 164. ; 

4. Timoshenko (see Reference 3), Page 236. q 
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PSsoxe from stacks in a score of great 
plants etch his name against the indus- 
ttial sky. He’s a production wizard who 
tefuses to tolerate the word ‘‘impos- 
sible.” But he’ll admit proudly that his 
‘chievements are the result of organiz- 
bing and coordinating the talents of 
5 others. 

| Inone of his plants, for instance, the 
schances are you would find parts, as- 
‘semblies and machines of precision 
workmanship by Joyce, writing new 


bfecords in speed and precision. For 
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'HE'S CALLED “MIRACLE MAN” 


purpose 


another plant, Joyce may be producing 
and assembling vital and integral parts 
of these weapons of war—parts where 
hairline precision can mean the differ- 
ence between success or failure. 

Joyce designing and engineering skill 
is helping to achieve production mira- 
cles in many great industrial plants 
from coast to coast. And Joyce’s own 
large-scale production facilities are 
maintaining a steady stream of war 
material for our fighting forces—cov- 


ering a wide and constantly varying 
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range of machined and fabricated parts 


and products. 

If you face production problems in 
your business—either for war work or 
post-war production—the Joyce “know 
how”’ is at your service. A Joyce repre- 
sentative will be glad to call and explain 


in detail the unique advantages we offer. 


STObache 


Machine Company 


2080 WHEATSHEAF LANE - PHILADELPHIA 


. 


MANUFACTURERS. OF PRECISION PARTS 
FOR ALL KEY INDUSTRIES 





fd 17, 


MISTER! 





..- there’s an easier 





way to end your 
motor problems 


ask Westinghouse! 


Simplify your problem at the 
start—draft Westinghouse ‘“know- 
how’’. With 57 years of Westinghouse 
motor and control experience at your 
elbow, you'll find the one best 
motor for the job sooner—with cer- 
tainty . . . whether it means new de- 
sign, modification or selection of an 
existing type. For engineering aid...call 
or write your nearest Westinghouse 
office. Westinghouse Electric & Mfg. 
Co., East Pittsburgh, Pa., Dept. 7-N. 

J-21289 





SUPERCHARGERS 


(Continued from Page 139) 


and the impulses caused by the passage of impely)) 


blades past the diffuser vanes. The energy and destry. 


tive power of these vibrations is sometimes Surprising 
and require special care and experience to determine th 


necessary massiveness and structure to prevent prematuy: 
fatigue failures. 

For aerodynamic reasons—to preserve the proper pr. 
portions of the flow passages—the capacity of a give 
type of supercharger should not be increased faster thy 
the square of the characteristic dimension, which is ysy,. 
ly the diameter, Qa D*. In any series of similar m. 
chines the weight increases with the cube of the chy. 
acteristic dimension, W « D*, hence W x Q%/2, indicatin: 
that the larger-capacity machines tend to become tel: 
tively heavy. This aspect of the problem becomes ; 
serious that there is a strong incentive to cramp and com. 
promise the design in order to maintain more nearly py. 
portionate weights as the horsepower rating is increased 
For this reason the impression is sometimes given thi 
the art is not progressing, since real gains in basic meri 
are required to stand still with respect to efficiency whik 
constantly progressing in capacity and altitude rating. 


Gear-Driven Supercharger Is Standard 


The commonest type of supercharger, embodied i 


practically every major commercial and military aircrat 


engine today, is the radial centrifugal, gear-driven fron 
g ) 4 gS 


the rear end of the engine crankshaft. The speed is usual: 
ly stepped up through two sets of gears to give impelke § 


speeds of from six to ten times crankshaft speed. 


For conservative performance at moderate altitudes, « 
in typical airline service, a single-stage, single-speed drive 
is adequate, but for high-performance military planes i'f 
has been found expedient to employ some form of mult: 


speed drive for the following reasons: 


If a centrifugal supercharger is operated at constat! 
speed the pressure ratio and volumetric capacity are sub 


stantially independent of the initial pressure and densi 


of the air. But the power is proportional to the weil 
flow, and hence to the density and, of course, the find 


pressure increases in proportion with the initial pressutt 
A supercharger designed to give a full-power manifol 
pressure of 45 inches Hg at 25,000 feet, where the pre 
sure is 11.1 inches and the density is .0343 pounds pé 
cubic foot, would therefore give a manifold pressure “ 
121 inches at sea level and the power required to dni 
it would be 2.23 times normal. To avoid wrecking th 
engine immediately the throttle would have to be clos’ 
to drop the M.A.P. from 121 to 45 inches. But the supe 
charger would still extract an unnecessarily large block « 
power from the engine, and the heat of compressidl- 
starting with a relatively high initial air temperatwe 
would tend to cause heavy detonation unless the MAF 


and engine power were reduced still further. In order" 


maintain the maximum net engine power or economy ® 
low altitudes it is therefore necessary to regulate & 
supercharger speed so that no more than the requ 
pressure is generated at each level. In fact, it is one® 
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Fev 


valve disc that... 


line or fuel oil 


(b) will not “freeze,” or stick 


spring loading 


HERE’S THE SOLUTION: 
Armstrong’s sealing specialists rec- 
ommend one of the Armstrong 
Compositions that are made by 
combining granulated cork with a 
fuel-resistant synthetic rubber. 
This composition is compressible 
and resilient; thus it assures a 
tight seal at all times. Cold flow is 
greatly reduced by the cork con- 
tent; hence wedging is eliminated. 
The cork particles on the surface 
prevent sticking. In addition, the 
resiliency of the cork throws off 
scale and grit. And the composition 
retains the fuel resistance of the 
synthetic rubber. 

In the valve shown above—a 
successful though rather unortho- 
dox design—Armstrong’s Valve 





Discs have been performing satis- 
factorily for several years. In 
many valves of other designs, also, 
discs made of Armstrong materials 
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REQUIRED: a nonmetallic 


(a) will withstand attack by gaso- 


(¢) will not cold-flow under heavy 





are facilitating the handling of 
petroleum and its derivatives. 
Armstrong's Sealing Service 
There’s a good chance that Arm- 
strong’s specialists can solve any 
sealing problem you have. For, in 
addition to a wide variety of cork- 
and-synthetic-rubber compositions, 
the Armstrong Line of sealing ma- 
terials includes various synthetic 
rubbers, many different cork com- 
positions, cork-rubber composi- 
tions, fiber sheet packings, and rag 


GASKETS : 


Synthetic Rubbers « 
Cork Compositions ° 
Fiber Sheet Packings © 








felt papers. Materials with the prop- 
erties you desire are available as 
sheet and roll goods, cut gaskets, 
strips, ribbon, tapes, molded shapes, 
and extruded rings. 
Write for Samples 

For samples of materials which 
will meet your requirements ex- 
actly, send your sealing problem to 
Armstrong’s sealing _ specialists. 
Write Armstrong Cork Company, 
Industrial Division, 5108 Arch 


Street, Lancaster, Pennsylvania. 


ARMSTRONG’S 
SEALS - PACKINGS 


Cork-and-Synthetic-Rubber Compositions * 
Cork-and-Rubber Compositions 
Rag Felt Papers * 


Natural Cork 


*FORMERLY ‘**CORPRENE”?’ 
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LET A SIMPLE RETAINING RING 
SAVE METAL AND MONEY FOR YOU. 








Every shoulder on your machines or on your metal 
products should be examined to see whether or not 
smart engineering could take advantage of these 
modern artificial shoulders on shafts or in housings. 

It is needless waste in most instances to turn your 
shoulders by cutting down larger shafts, when you 
can groove a smaller shaft and apply a spring steel 
retaining ring. You'll get excellent results at unbe- 
lievable savings. 

It’s expensive to hold a mechanism in place with 
unnecessarily big shoulders or collars,—or to tem- 
porize with small cotter pins, etc. Let us show you 
how spring steel retaining rings can do a thoroughly 
efficient job for you. 

More and more retaining rings are being used in 
these days of necessary economy. Every ounce of 
metal and every cent of cost is more important today 
than ever before. 

. Write today for our descriptive folder on Retaining 
ings. 


THE NATIONAL LOCK WASHER COMPANY 
Newark, N. J., Milwaukee, Wis., U. S. A. 






Retaining Rings 
save money 
and metal 







Tyee ZH Type WA 
tintemet, loareoted) 
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{round closed) 
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the axioms of good flight engineering that the throy 
should be kept open as far as practicable under al] Opera. 
ing conditions. 

Gear-driven superchargers, either single or two-stag 
are now frequently provided with a two-speed drive hy. 


ing a mechanical clutch for shifting from low to high fo § 


gear ratio. More recently, fluid couplings have beep jy. 


troduced, particularly in German engines, to provide o,.)% 


tinuously variable speed control. 
tion of the details of these drives is contained in a yecoy 
article by F. M. Kincaid of the Wright Aeronautical ¢; 
poration(7). All of them are characterized by a fel 
tively high degree of mechanical complexity, especial 
when fully automatic control is provided to maintain tly 
desired M.A.P. independently of altitude. 


An excellent descrip, 


Turbine Drive Permits Speed Control 


The exhaust gas-driven turbosupercharger represents ; 
practical solution to the drive problem in terms of me. 
chanical simplicity, flexibility and power economy. 4 
may be seen from the schematic diagram of Fig. 5, th 
impeller of the turbosupercharger is direct-connected ty 


a single-stage turbine driven by the engine exhaust gaf 
The speed is controlled in a simple manner by allowingf 
excess gas, not required for turbine operation, to escape 


through the wastegate instead of through the turbine no- 
zles and wheel. This makes it possible to hold con- 
stant manifold pressure, with no throttling and no e 
traction of engine crankshaft power, from sea level t 
critical altitude. No more than the minimum requir 
power is drawn from the turbine at any time, so tha 
the excess back-pressure which it imposes upon the engin: 
is likewise never more than sufficient to supply the de 
sired manifold air pressure. The significant fact here i 
that the reduction in engine power caused by this it- 








creased back-pressure is usually much less than the crank- 


shaft power required to drive an equivalent geared super 


charger (8). 

As indicated in Fig. 5, it is common practice to emplo 
an internal geared supercharger in conjunction with th 
turbo, with an intermediate intercooler. With a reli 
tively low pressure ratio the internal stage has no spee 
control, since it will not generate excessive manifold pres 
sures with open throttle at sea level if the turbo is cut ou! 

Views of the General Electric turbosupercharger of th 
type used in the Boeing Flying Fortress and Consolidate: 
Liberator bombers and in the Lockheed Lightning aué 
Republic Thunderbolt pursuits are shown in Figs. ° 
and 7. Although military necessity prevents the di 
closure of complete technical details, the major feature 
may be indicated as follows: 

Referring to the cutaway view, Fig. 6, the engine 
haust stack connects to the nozzlebox A, which is direct 
above the turbine wheel B. The hot exhaust gases & 
pand through the nozzles C and impinge upon the tu 
bine buckets D, as shown in Fig. 5. The pressure in th 
nozzlebox is regulated by means of the waste gate £ 
which vents excess gas to the atmosphere. 

Power developed is transmitted through the shaft F , 
the impeller G, which is also shown in Fig. 5. The dit 
fuser passages H discharge into a scroll-type collector " 
the outer portion of the compressor casing J, which has! 
radial outlet. The rotor assembly is carried in a ball bet 
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THEY HAVE TO BE GOOD 
TO GET WHERE THEY’RE GOING! 





Combination Overload 
Circuit Breaker with 
AN- 3102 Receptacle 
Fitting. Adaptable to 
all Pilot Motors. 


Pricction is the by-word for all component parts used in the con- 
struction of our “Axis Busting” Bombers... the kind of perfection 
that assures dependable performance under all combat conditions. 
PILOT Fractional H. P, MOTORS are playing a proud part in 
insuring the success of these ’round-the-clock bombing missions. 
Built to Army, Navy and Air Corps specifications, these “Little mater al 
Giants of Power” are compact, extremely light in weight—capable de 
of delivering more power output per pound! 


ON LAND...ON SEA and IN THE AIR! Pilot Motors serve with our 
Armed Forces on battlefronts all over the world. A few typical applications are: De-Icers ¢ 
Pre-Heaters Refrigeration « Signal Devices ¢ Range Computors « Portable Tools ¢ Timing 
Devices © Air Circulators « Radio Tube Cooling Blowers ¢ Remote Control Instruments ¢ 
Small Industrial Blowers ¢ Submarine Power Controls e X-Ray Control Equipment « Fire 
Control Instruments ¢ Submarine Instruments ¢ Torpedo Gyroscopes ¢ Windshield Wipers. 












Shunt Type Motor 

F. A. SMITH MANUFACTURING COMPANY “aaa | 
Manufacturers of “PILOT” Shaded Pole Fractional H. P. Motors 

401 DAVIS STREET e ROCHESTER, N. Y. 


e FEATURES e 
TYPES—Series, Serics Reversible, Shunt and 
Shunt Reversible 
H.P. RATINGS—1/1000 to % H.P. 
SPEEDS—1750 to 10,000 R.P.M. 
VOLTAGES—from 6 volts to 120 volts D.C. and A.C. 











iI] beat F 


st, 1945 








PILOT DAN SAYS:\|F YOU 
ARE A BUILDER OF COMBAT EQUIPMENT 


we invite you to consult our Engineering Department in the early 
Stages of planning | for your motor requirements. Ne obligation. 
Write today for Bulletin P-3843. 








lo 
—_ 
~i 
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HANNIFIN MANUFACTURING COMPANY 


621-631 SOUTH KOLMAR AVENUE, CHICAGO, ILLINOIS 
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HANNIFIN CYLINDERS 


provide smooth, 


accurate clamping for 


Magnafiux inspection 


A Hannifin pneumatic cylinder 
is used to move the left hand contact plate, 
clamping the piece to be inspected in this 
Magnaflux magnetic metal inspection 
unit. Clamping pressure may be varied 
to suit different parts by adjusting the 
Hannifin pressure regulating valve shown 
below. This method provides a fast, 
smooth-acting clamping action, with sim- 
ple and easily handled control. Hannifin 
cylinder construction, with precision 
honed cylinder bores and easy outside ad- 
justment of piston packing, assures con- 
sistent high efficiency performance and 


long life with minimum maintenance. 


These Hannifin features can help you, 
too. Write for Bulletin No. 57. 





| a constant nozzle-box pressure which will maintain th) 


ing K at the impeller end to take the thrust load, ang, 


roller bearing L at the turbine end to allow for expangig 
of the shaft. 


The baffle ring M, also shown in Fig. 7, serves to shiel 
the compressor casing from the heat of the nozzleby | 


and its inner portion supports the nozzle ring. 

The lubricating oil pump N is driven by a worm gey 
from a worm sleeve keyed to the shaft. The pump js ¢ 
the gear type, and actually consists of two separate pumps 
within a single casing. One element supplies oil unde 
pressure to the gears and bearings. 
is a scavenging pump which removes oil from the lowe 


part of the bearing housing P and returns it to the supp} 


tank. 

The impeller is machined out of an aluminum ally 
forging. The compressor casing, diffuser and_ bearing 
are aluminum alloy castings. Turbine parts are made o/ 
alloy steels especially developed to withstand the high 
stresses, elevated temperatures and corrosive action of th 
exhaust gases. Data on various materials of this latte 
class are given in Reference (9). 

As indicated in Fig. 5, regulation of the turbine wast 


gate is effected by means of a hydraulic servomotor conf 


taining a pressure-sensitive element connected to the en. 
gine exhaust stack ahead of the turbine. By adjusting 
the boost control lever, the pilot sets the regulator to hol 


desired engine intake manifold pressure. 


Waste Heat Is Utilized 


The underlying thermodynamic principles of the gap 
turbine drive are essentially the same as those applying) 


to the conventional single-stage impulse-type steam tur 
bine. The success of the turbo-supercharger is based 
upon the development of an adequate mechanical desig: 
to enable the turbine to utilize the energy of the high 
temperature engine exhaust gases with satisfactory reli: 


ability and life and without undue penalties in weight 0} 


size. 
The available energy, in Btu per pound, of engine e 


| haust gas for various temperatures, pressure ratios an 


| fuel-air ratios is given in Fig. 8. 


Data are based on te- 
cent information on the specific heat of gases reported bi 
Heck (24) and Ellenwood, Kulik & Gay (25), and are be 
lieved to be considerably more accurate for this purpos 
than the energy values based on the properties of ordi 
nary air. (To convert the available energy to horsepowe 
per pound of gas per minute, divide Btu per pound by 
42.4). It should be noted that this is primarily therme 
energy representing the waste heat of the exhaust gase 
and that the pressure ratio required to release a give 
amount of power decreases rapidly as the initial gas tet 
perature increases. 

Actual exhaust gas temperatures, in the case of high 
powered military engines, vary from about 1200 to 170 
degrees Fahr., the higher figures being associated wi 
higher outputs and leaner fuel-air ratios. Assuming ! 
representative temperature of 1500 degrees Fahr., it § 
of interest to determine the available energy per pound © 
gas for a presure ratio of 2.69, which corresponds to se 
level back pressure (P,—=29.92 inches) in the engine & 
haust stack at 25,000 feet (P,—=11.1 inches). The cot 
servative “cruising lean” value of .075 will be used fer 
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<n “FIGHTING FIT! 

purpose 

of ‘ond HOW TO LENGTHEN THE LIFE OF 

we" AR PRODUCTION ... with many machines in BCA BALL BEARINGS 

und DI x 

thermal almost constant operation...puts bearings under —_,, Use bearings that are correctly size! 

aces . for the shaft. 

st gas severe strain. Be absolutely sure that your BCA Ball 6, Mteiieeieiabeaiieidtiaialiiiaaiina 

a givel ’ ; ; a : 

oe Bearings are safeguarded by proper maintenance. Keep Gi... pearin andl aealiie ueensition 
them “fighting fit” —for they’re sinews of war ! Ee 

of high- 4. Use only neutral mineral lubricants. 

: : see noe ; 
to 170 BEARINGS COMPANY OF AMERICA, LANCASTER, PA. 5. cami teaein prea Posnh iy 8 _ 
we ball dips in to one-half its diameter. 
ming With grease, do not have the housing 
r., it i RADIAL « ANGULAR CONTACT + THRUST more than one-half to two-thirds full. 
ound 0! R , / 
wd BALL BEARINGS ings Right: 
= Ineat Bewriny en 
he conf Standardize on Standard Sizes ‘ne in the Qight . 
sed fot They 
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Type ‘‘CA’’ SPUR GEAR Speed Reducer 


Increases efficiency of Conveyors, Elevators, 
Hoists, Crushers, Mixers, Agitators, 
all kinds of slow movers. 


Maximum power transmission insured by positive drive, constant 
reduction ratios, concentric power and motor shafts. Especially 
desirable where protection must be had from dust, dirt and grit. 
Vertical type also furnished. Send for Abart Speed Reducer 
Catalog showing over 75 types and sizes spur and worm reducers. 


ABART GEARS: Precision cut to specifications. 
No stocks. Send B/P for estimate. Wire or write 


GEAR AND MACHINE CO. 


MANUFACTURERS OF 


Speed. Reducer &Sean 


CHICAGO ILLINOIS 


4821 WEST 16" ST 











NEW 
BOOKLET 


Describes 


LIGHT WAVE 
MEASUREMENT 


* 


om? 
wich 
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IT’S YOURS FOR THE ASKING . . ! 


Just off the press ... Acme’s new booklet “SHOP 
MEASUREMENTS to one millionth of an inch’, 
describes in simple detail how Acme Optical Flats 
are applied in the procedure of lightwave measure- 
ment. 

Illustrations and diagrams show how these flats 
can be used to check surface flatness, as well as 
their use for accurate comparison measurement in 
connection with precision gage blocks. 

In short, this new booklet has been written in 
non-technical terms to make it easy for the average 
mechanic to thoroughly understand how to apply 
lightwave measurement in shop practice. 


Write for Your Copy Today... ! 


ACME INDUSTRIAL CO. 


Makers of Standardized Jig and Fixture Bushings 
211 N. Laflin St. MONroe 4122 = Chicago, Ill. 
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the fuel-air ratio although richer mixtures would be Use) 


for full power. 

From Fig. 8, for p,/p,=2.69 and T,=1500 4, 
available energy is 122 Btu per pound, or 2.88 horsepoy 
per pound per minute. This figure must be multipli 
by the turbine efficiency to obtain the actual shaft Output 

The engine requires slightly less than a pound of airy 
pound of exhaust gas. It will be assumed that the tu 
compressor delivers this air at sea-level pressure at } 
31.67 at} 
entrance to the intercooler, with a compressor efficiey 
of 70 per cent. From Equation 2 and Fig. 4 the requir 
power input to the compressor will be (.00573 x 148 


carburetor, which will require a pressure p,, 


= 1.21 horsepower per pound per minute. 

This means that the turbosupercharger can maint; 
sea-level pressures at both ends of the engine at 25, 
feet so long as the turbine efficiency is greater th 
1.21/2.88—42 per cent. 
even after allowing for losses due to gas leakage, et 
and is the basis of most turbo applications. 


This is entirely practicab, 


Available and Required Powers Balance 


As the altitude increases, the compressor must devel 


a greater pressure ratio, which requires more power, By 
with constant engine inlet and exhaust pressures, the pres 


sure ratio across the turbine also increases with altitud 
so that the power available continues to balance th 
power required. The ultimate level 


balance can no longer be maintained is determined eitly 


by the attainment of the maximum allowable turbo speel 


or else by loss of turbine efficiency at excessively hig 
pressure ratios. 
buretor pressure and engine power begin to decline i 
the normal manner. 

From the energy standpoint it might be said that th 


turbo thrives on high exhaust gas temperatures, as ind: 
However, at temperature 


cated by the curves of Fig. 8. 
in the vicinity of 1700 degrees Fahr. the cooling proble 


° ° 1 
becomes serious to such an extent that it has been thoug 
in many quarters, particularly abroad, that turbine oper: 


The fac 


tion at such temperatures was impracticable. 
is that the ability of the turbine materials to withsta 
these high temperatures is due largely to the fact thi 
no parts of the machine actually reach the full tempet 
ture of the gas. Practically all parts are cooled by intets 
radiation to the surroundings and the nozzlebox is cool 
about 400 degrees below the gas temperature by the « 
The effe 
tive temperature of the gas impinging upon the bucke' 
is reduced several hundred degrees by virtue of the ¢ 
version of thermal energy into kinetic energy in the hig 
velocity jets(12). It appears, therefore, that present et 
gine exhaust temperatures are nearly at the optim! 


ditional effect of a stream of “rammed” air. 


level for turbo operation—if they were much higher the 
necessary reduction in turbine speed or life would be s* 
ous, and if they were much lower the performance woul 
be impaired by the reduction in available power. 

The problem of “afterburning” may be mentioned ! 
this connection. Since aircraft engines are always 
erated with rich fuel-air mixtures at high powers, the 
haust gases contain considerable quantities of car! 
monoxide and hydrogen; up to 14 per cent CO and 1p 
cent H, (13). These highly flammable gases will burs 
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THE BETTER BEARINGS FOR 


TOOAV ano TOMORROW 




























@ Deep in the intricate machinery of American battleships, 
cruisers and destroyers is a Bunting Bronze Bearing that em- 
bodies unique principles of manufacture. This remarkable bearing 
is only one example of how Bunting is providing in new forms the 
traditional strength, staying quality and shock resistance of sand- 
cast Bearing Bronze for applications in all the great machines at 
war on land, sea and in the air. 


Under pressure of war necessity, a whole new science of 
bearing manufacture and application is being developed. 
Look to Bunting for the better bearings of today and to- 
morrow. 


Saving money, time and labor in the battle for production in thous- 
ands of busy plants are Bunting Factory-Finished Bearing Bronze 
Bars and Bunting Standardized Bronze Bearings. Available in many 
different sizes from stock, these completely finished bearings are 
ready for assembly in machine tools, electric motors and industrial 
machinery of all kinds. Ask your wholesaler. The Bunting Brass & 
Bronze Company, Toledo, Ohio. Warehouses in All Principal Cities. 





PRECISION BRONZE BARS 
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“BRONZE BUSHINGS + BEARINGS ° 
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The War... And You! 


Friend—don’t think this war 
doesn’t affect you. It does. It’s 
pushing the world twenty years 
ahead of time; stimulating the de- 
velopment of devices you may 
now be making or using. After 
the war, the average American's 
life is destined to be fuller, more 
exciting, more comfortable due 
to these new products. And just as 
Weatherhead has helped build 
the nation’s automobiles, airplanes 
and refrigerators in the past, peace 
will find us prepared to join you 
in building these established prod- 
ucts as well as the many new ones 


Certain to come out of the war. 


Look Ahead with 
Weatherhead 


THE WEATHERHEAD CO., CLEVELAND, OHIO 
Manufacturers of vital parts for the automotive, 
aviation, refrigeration and other key industries. 


Plants: Cleveland, Columbia City, Ind., Los Angeles 
Canada—St. Thomas, Ontario 





‘4 


into flame if they come into contact with air before «! 
ing below their ignition temperature (roughly ]jyf 
1200 degrees Fahr.) Because of their visibility at hig 
these flames must be suppressed in the case of bomb 
many of which are provided with bulky quenching 4.f 
vices for this purpose. In turbosupercharger installatip 
afterburning can cause local over-heating if the be 
come in contact with sufficient air, by entrainmep; , 
otherwise, before passing completely through and ay, 
from the turbine. But with suitable precautions to ay 
this, the turbo has a salutary effect in helping to suppres 
visible flames by cooling the gas several hundred degr. 
due to the conversion of heat into work. 

It is extremely difficult to make valid comparisons 
the relative performance of a given airplane with ge: 
driven or with turbosupercharger for the simple rea 
that, for optimum results, the plane must be design) 
specifically for the particular installation used. This ; 
especially true in pursuit ships, where the supercharge!) 
has a marked effect upon fuselage shape and weight ¢i 
tribution. Moreover, the requirements of a light “hedy. 
hopping” plane are apt to be quite different from those df 
a heavy, high-altitude design. The performance of a 
supercharger, and particularly the turbo, depends yf 
greatly upon the excellence of the installation that iti) 
entirely possible to reverse the results of any such co. 
parison by suitably butchering the job. It is significa 
however, that the gear-driven superchargers have hu) 
the benefit of much more intensive work on the instal 
tion problem, so that some account should be taken (/ 
the potential as well as the actual merit of the tub 
Even the latest and best turbo installations are not 
closely and completely integrated into the power pla 
as they might be. But the fact remains that the tur 
supercharger enjoys an initial and basic thermodynam 
advantage which becomes even more marked at hight 
altitudes. And finally, it is still more significant that fop 
of the outstanding planes that this country has contribute} 
in the present war, the B-17, B-24, P-38, and P-47 aj 
turbo-equipped. 
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yer play Here is a simple formula that will speed up your 

re turbef production more than 25% whether you employ men or women machine operators. Equi 
quip 


dynani 
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ntribute’ 
P-47 a : 


machines with “Airgrip” Revolving Air Cylinders and Air Operated Chucks. 


Old employees, relieved of time-wasting muscular effort, will make new production 
records. New employees, given minimum instruction, will produce at the full capacity of 
your machines—and, because “‘Airgrip’’ Holding Devices are so easy to operate, women 
will stay on the job a full turn without overtaxing their physical strength. 


= 





“Airgrip’’ Revolving 


Act today to get higher production and lower 







Air Cylinders — posi- cost. ‘‘Airgrip’’ Holding Devices are available 

ete cee on short notice—they are easy to install —their 

Nol cost is moderate—they pay big dividends from 
a the first day of operation. 

— . Anker-Holth also manufactures ‘‘Airgrip”’ 

bee stationary cylinders, and hydraulic cylinders. 









Our engineers are ready to help you on any 
problem where pneumatic or hydraulic adap- 
tations can be made to machines. 
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Tue EE8-A field telephone is 

one good reason why American- 
built communications equipment has a reputa- 
tion for being the best there is. It is an unclass- 
ified (not secret) instrument, but we, whose 
prime war job is to build it, doubt that the 
enemy can match the EE8-A phone. 


You see there zs a secret to it—the secret of 
American know-how. For instance: 


® How to turn out such delicate, and at the 
same time, rugged instruments by the tens 
of thousands, and still have each the equal 
or superior of a handmade product. 


® How to devise instruments to give each 
unit a complete “laboratory” test, in a few 
seconds, right on the production line. 


® How to make telephones that will operate 
equally well whether they serve in arctic 
cold or tropic moisture. 


America has the answers. Major credit belongs 
to Signal Corps engineers, but Connecticut is 
proud to have had a part in making the EE8-A 
a weapon for helping our boys get the jump 
on the enemy wherever they find him. 


In your postwar planning of products and 
factory method, you will need American know- 
how in the design, engineering and manufac- 
ture of precision electrical devices. We believe 
Connecticut can help you. 


CONNECTICUT TELEPHONE & ELECTRIC DIVISION 






(Gram 
Aesiean 
NOUSTRIES 


For the second time within a year, the honor of 
the Army-Navy Production Award has been con- 
ferred upon the men and women of this Division. 





MERIDEN) CONN. 








© 1943 G.A.1., Inc., Meriden, Conn. 





Wartime Metallurgy 


(Continued jrom Page 150) 

which then precipitates the carbides in a finely divide 
form. It is also probable that the immediate surface jg 
altered to martensite. The austenitic core insures good 
impact resistance. Nickel, chrome and _ other alloying 
elements are sometimes added. These steels are excellent 
for rail sections subject to unusual service such as cross. 
ing and switch frogs; for hoisting rope sheaves and drum 
laggings;, for excavating dipper teeth, etc. 

Siticon: Silicon forms no carbides, dissolving fully in 
the ferrite. In fact, it has in a way an opposite effect 
promoting a breakdown of the carbides or “graphitiza. 
tion”. Steels high in silicon must, for this reason, be 
heated in controlled atmosphere to prevent decarburiz- 
tion, and will not readily carburize. Its contribution to 
hardenability and grain control is not large. It shows 
good resistance to tempering. Little use is made of the 
plain silicon steels except in the electric grades of 2% to 
4 per cent Si with very low metalloids. 

The early “silicon structural” steel was misnamed, 
carrying as it did only .20 to .30 per cent Si, its strength 
being primarily obtained by running the Mn up to .7) 
per cent to .90 per cent and the carbon to .30 to .40 per 
cent. Silicon is used, however, in many later low-allo 
structural steels in amounts up to 1 per cent in which it 
serves as a ferrite strengthener. 

Of considerable importance are the silico-manganese 
steels of which SAE 9260 is typical; silicon running 2 per 
cent, manganese a little under 1 per cent. The pres 
ence of the silicon seems to contribute goed wear quali- 
ties, and the alloy exhibits an excellent combination 0! 
strength and toughness. Silicon also contributes to good 
surfaces in the as-rolled condition in which a good deal 
of this steel is used for leaf springs. 

Tool steel grades, to which some one-quarter per cet 
chrome and an equal amount of vanadium have been 
added (this last eliminated for the duration) have found 
wide applicability for punches, chisels and other shock- 
loaded tools. The chrome improves hardenability some- 
what and contributes further to wear qualities. Grades 
are also in use with .5 per cent Mo substituted for the G 
with still further improvement in hardenability. All o 
these grades form admirable and economical steels and 
have been widely and successfully applied by the writers 
company to such applications as small and heavily loaded 
pinions, particularly where abrasion is present, she 
blades, heavily stressed trunnion pins, punches, ratchets 
cams, etc. These steels require controlled atmosphere 
for satisfactory heat treating. 

Silicon, with higher carbon, is also used in the graph 
itic steels for drawing dies, the Ford crankshaft alloy, n° 
other applications (36) and (37). 


Copper: Copper is added in amounts up to about 
one-half per cent to nearly all the low-alloy structur® 
steels, and to many others, notably copper-bearing sheets 
to impart atmosphere corrosion resistance. It apparent 
forms a tight, adherent oxide which hinders further oxids- 
tion. In the amount used it does not influence materiall 
the weldability, workability, or other properties. 

It has also been added in amounts as high as 3 Pe 
cent for its precipitation hardening effect, as in the For 
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Enclosed Peanut Micro Switch 

amed, 
ength ~< 
0 ul Or LOIMOFLFrOw 
0) per 
rf Y O U R d y 
ich it & * - to a Skeleton Peanut Micro Switch 
anese Designed for post war use, the Peanut Micro Switch so filled to be applied anywhere over a large portion of the upper spring. 
2 per the bill for a number of military requirements that we are now Used with a Bakelite case, a convenient stem mounting is pro- 
pres- making them in large scale production, vided. The construction allows inherent overtravel beyond the 
yuali- This diminutive switch is smaller than the basic Micro Switch, point of operation sufficient for most uses. 
m of more robust, more resistant to vibration, is lighter, lower in The unenclosed Peanut Micro Switch weighs .019 Ib., encased 
good cost and has a higher electrical rating. in Bakelite housing the weight is .048 lb. This switch resists 
deal The Peanut Micro Switch is so designed that it can be used vibration and acceleration up to 300 times gravity. Operating 

without an enclosing case, allowing the actuating movement force is 32 ounces maximum and the movement differential is 
cent .036” maximum. 
been Contact separation up to .085” can be varied in manufacture to 

P P . . . . 
ound meet requirements. This wide gap is particularly valuable on 
hock: zs DC loads. To provide the high unit contact pressure for low 
ome- a — | OTRAS ces figaue voltage applications, contacts of 99.95% pure silver are formed 
ate a 062" with a knurled surface. 
rades ce = a eee OO 
ie Cr { + Experience and skill of Micro Switch engineers is at your serv- 
Il of id ice. Send for information. 
and a 265 ——.8/2" 
shers J 1328 Micro Switch Corporation, Freeport, Illinois 
ters ay 1343" Branches: 43 E. Ohio St., Chicago (11) * 11 Park Place, New York City (7) 
aded Sales and Engineering Offices: Boston * Hartford + Los Angeles 
shear 
hets Peanut Micro Switch Ratings 
here DIRECT CURRENT ALTERNATING CURRENT 
MOTORS—RELAYS & Volts A.C. Heater | Lamp | Inductive 759% P.F. 

aph- HEATERS LAMPS SOLENOIDS 60 cycle amp. | amp. p seotadid 
and | vo Sea level 45,000 ft. Sea level 45,000 ft. Sea level 45,000 ft. = el, 
ane es amp. amp. amp. amp. amo. amp. 110 20 10 15 

t * 
| | 24-28 40 40 7 7 30 ” 220 10 5 8 
yout —meieemeee 

‘ *) 110-115 1.5 1.2 1.5 1.2 1.2 0.75 Not less than 100,000 operations 

fara *) 220-230] 0.6 0.6 0.6 0.6 0.5 0.3 
in 1) Aircraft use of 25,000 operations *) Not less than 100,000 operations MOTORS 110-220 V. A.C. motor rating % h.p. 
antl 
cida- The trademark MICRO SWITCH is our property and identifies switches made by Micro Switch Corporation 
a ® 1943 
ially 
“ord y \ 
0} Made Only By Micro Switch Corporation... Freeport, Illinois 
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Just as bomber crews must wear oxyg } live in the 
rarefied air of the substratosphere, and engines need super- 
chargers to function at high altitudes—so must special means 
be adopted to prevent failure of electrical equipment at 
bomber ceilings. es Sac an 

At 30,000 feet, the insulating value of a given air space drops 
to between one-third and one-half of its value at sea level. Thus 
a clearance that would normally insulate a high voltage ter- 
minal from a grounded frame at moderate altitudes may be 
inadequate at high levels of flight. 

To assure maximum insulation in their bomber magnetos, 
Wico Electric Company uses Irvington Insulation. They cover 
their magneto coils with a smooth wrapping of Yellow HTR 
Varnished Rayon Tape. The wrapping is then sealed with 
Irvington No. 5 Black Baking Varnish, thus forming a practi- 
cally solid mass of insulation, which maintains its dielectric 
strength regardless of low atmospheric pressure and making 
the coil “short proof” at 30,000 feet as well as at sea level. 
Winding Wico Magneto Coil assembly 
with Irvington Yellow HTR Varnished 
Rayon prior to dipping in Irvington 
Varnish. This precaution prevents the 
spark from shorting and grounding— 


which the lower air resistance of high 
altitudes would normally permit. 













To eliminate air pockets by 
forming a practically solid mass 
of insulation, Wico coils are 
dipped in No. 5 Black Baking 
Varnish. Wico has found it to 
be the best insulator for the job. 


‘ 


IRVINGTON YELLOW HTR VARNISHED RAYON, 


an excellent alternate for varnished silk, is light in weight, flexible and 
elastic. Has excellent resistance to oil, moisture and heat. Tensile 
strength—15 Ibs. per inch width (warp direction). Dielectric strength— 
1200 volts per mil of total thickness. Comes in straight cut or bias cut; 
thicknesses from .003” to .008”, widths from 4” to 36”. 


IRVINGTON No. 5 BLACK BAKING VARNISH 


is composed of vegetable drying oils, heat treated and chemically com- 
bined with selected asphalts and pitches. Bakes quickly—retains elasticity 
indefinitely—waterproof—high acid and alkali resistance. Is recommended 
for treating assembled armatures, stators and coils. 


For further information and samples, or for technical assis- 
tance on unusual problems, write Dept. 86. 


IRVINGTON 


VARNISH & INSULATOR CO. 
IRVINGTON, NEW JERSEY, U.S. A. ae 
PLANTS AT IRVINGTON, N.J. & HAMILTON, ONT., CAN. , h 


@® 3803 Representatives in 20 Principal Cities %e 














graphitic crankshaft alloy previously mentioned. hj, 
copper is not a carbide former it will dissolve in the fe. 
rite in equilibrium, only up to three-quarters per cent, anj 
it is to this that it owes its precipitation hardening effey 

SuLtpHuR: Used to impart free machining properties 
sulphur has been discussed in Part IX*. The high map. 
ganese grades (AIS1-C1112) for carburizing and X-]33; 
(A1S1-C1137) for through hardening, are recommendej 
for stressed parts to avoid danger from sulphur segreg;. 
tion and to give some depth hardening. 

PuospHorus: This was also discussed in Part IX, |; 
is employed in high-strength structural steels, generally jy 
combination with other elements, to improve the a. 
rolled physicals. 

Leap: Lead has been added, generally in amount 
under one-quarter per cent, to carbon and alloy steels t 
improve machinability. It is insoluble in the steel and 
must be introduced in such a fashion as to be in a fine) 
divided state. It is reported as having no appreciable ef. 
fect on the physicals or heat treatment. 

TUNGSTEN: 
the same as molybdenum, except that double the quar. 
tity is required for the same effect. While it has been 
employed in constructional steels it is too expensive a 
addition for regular use, and indeed there is little point 
in borrowing from its use in tool steels. 


This alloying element acts in steels mud 


ALuMINUM: Additions of aluminum for grain size 
control have been extensively discussed in Part VI, and 
for nitriding in Part XI. 

OTHER ALLOYING ELEMENTs: A variety of other spe- 
cial alloying additions have been experimented with in 
recent years, such as titanium, zirconium, boron and 
calcium, employed singly and in combination, giving 
rather amazing results by improving hardenability and 
other qualities with extremely small additions (19). The 
effect seems to be more of enhancing the effect of other 
alloys, rather than of any intrinsic value they may have, 
although this has been by no means definitely estab- 
lished (35). Boron, in particular, (25) and (26) ha 
been used recently with good results. Titanium has 
been extensively investigated by Comstock, (27) and 
(28). He reports a reduction in dendritic structure, and 
an ultra-high grain-coarsening temperature. Much more 
will probably be heard in the future of these new addi 
tions of the family of alloying elements. 


National Emergency Steels 


Shortages of alloys brought about by the war effort 
have forced a scrutiny of the commonly used analyses 
to the end that strategic elements be used more econoll- 
ically. This series of articles has brought out the fact 
that many applications of high and medium alloys could 
as well be served by lower alloying contents. A survey 
of scrap return to mills showed that residues, with occ 
sionally small additions, could serve many application 
and the NE series of steels were accordingly set 
There is not space here for an exhaustive discussion of al 
the analyses that have been tried and indeed it would be 
needless duplication as they have been well covered else- 
where. Suggested references include (29), (30), (31 
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IS THERE Que fwe so “SCREWY” 


YOU DONT KNOW WHERE 10 GET IT? 


PURCHASING 
AGENT 

















i asi 
. CAPACITY 
Immediately 
AVAILABLE 
for ball and 
roller 
BEARINGS 
Size 6” to 60” 


—_ 








|, yeoman every complex mechanism has at least one 

“screwy” part...one that requires deeper study; special 
operations for which standard equipment is not adaptable; 
unusual control of precision operations or metallurgical 
processes.... Does a difficult part of that sort now stymie 
your production or purchasing schedules? Is the puzzle 
of not knowing where to buy that part preventing your 
progress on present war production or future planning? 


Contact KAYDON 


By reason of highly specialized facilities plus broad pro- 
duction and engineering experience in metallurgy, special 
hardening, precision metal working and plastics, Kaydon 
is able to get around obstacles and roll straight to the pro- 
duction goals required by the schedules. 

In unvarying precision, uniform quality, and “on-time” de- 
liveries you can rely on Kaydon... now, for war production 
service; later for post-war products. 


For excellence in production 


of extremely precise, unusually 
large ball and roller bearings. 
THE ENGINEERIN 
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CORP, 





MeCRACKEN STREET. MUSKEGON, MICH. 
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BEALL 


genuine KANT-LINK 


SPRING WASHERS 


KEEP BOLTED ASSEMBLIES pe2zmasently TIGHT 


BEALL Spring Washers compensate for wear, bolt- 
stretch, corrosion and break-down of finish. They 
meet rigid Army, Navy and Air Corps specifications. 
Available in Carbon Steel, Stainless Steel, Phosphor 
Bronze, Everdur and Monel Metal. Finished in Cad- 
mium Plate, Galvanized, Silver and Parkerized. 


IMMEDIATE SHIPMENT of all standard sizes. 





WIRE US your requirements 


BEALL spele) i co. (Div. Hubbard .& Company) 
EAST ALTON, ILLINOIS 


ipped cam 

completely equip 
a t in the mid-west handle 
face, groove 
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ding plan 
All sizes of drum, 
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and (32), as well as excellent handbooks (17) and (18 

Considerable difficulty has been experienced 
dicting the analyses of heats. As a result, most of th, 
steels have gone to large users rather than to warehouys 
stocks. Recent practice. however, appears to have cep. 
tered for this latter purpose on those grades embodying q 
“little bit of everything”, as in the nickel-chrome-moh 
type NE 8600, and on those with manganese and silicon, 
the NE 9400 type. The through-hardening grades, Np 
8442 and 9442 have been covered in the table and jy 
Fig. 108. While admirable 
they really afford too high a hardenability for some ap- 
plications. The situation is changing rapidly, making i 
difficult to state what the condition will be in future 


steels for many purposes, 


In the writers’ opinion it is regrettable that the NE 
steels were not drawn up around hardenability and graiy 
rather than analysis. 


size requirements, Such a practice 


would permit full flexibility to the mills, with the mayi- 


mum of efficient employment of our alloying resources, 


It is difficult to understand how, in the face of modem 
knowledge of the functions of the alloying elements, it 
can be maintained that it is necessary to know the exact 
chemicals on 90 per cent of the applications, even with 
today’s severe war requirements. Such a practice would 
greatly facilitate warehouse stocking, a neglect of which 
has contributed today to shortages of many components, 
NE steels should be reviewed and reconstructed with the 
aid of the most advanced metallurgical knowledge. 


(End of Series) 
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* Pygmies in size, but giants in achievement are WILCO 
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* Either paired with the correct WiLco Thermometal, 
or used alone, WiLco Aeralloy Aircraft Magneto Con- 
tacts are doing their part to assure smooth airplane 
performance. Other Wi tco Electrical Contacts are 
giving equally dependable service in tank, ship and gun 
applications. 
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and (32), as well as excellent handbooks (17) and (18) 

Considerable difficulty has been experienced jn pre- 
dicting the analyses of heats. As a result, most of th, 
steels have gone to large users rather than to warehous 
stocks. Recent practice. however, appears to have cep. 
tered for this latter purpose on those grades embodying , 
“little bit of everything”, as in the nickel-chrome-moh 
type NE 8600, and on those with manganese and silicon, 
the NE 9400 type. The through-hardening grades, \g 
8442 and 9442 have been covered in the table and jy 
Fig. 108. 
they really afford too high a hardenability for some ap. 
plications. 


While admirable steels for many Purposes, 


The situation is changing rapidly, making i 
difficult to state what the condition will be in tuture 

In the writers’ opinion it is regrettable that the NE 
steels were not drawn up around hardenability and graiy 
size requirements, rather than analysis. Such a_ practic 
would permit full flexibility to the mills, with the maxi. 
mum of efficient employment of our alloying resources, 
It is difficult to understand how, in the face of modem 
knowledge of the functions of the alloying elements, i 
can be maintained that it is necessary to know the exact 
chemicals on 90 per cent of the applications, even with 
today’s severe war requirements. Such a practice would 
greatly facilitate warehouse stocking, a neglect of which 
has contributed today to shortages of many components. 
NE steels should be reviewed and reconstructed with the 
aid of the most advanced metallurgical knowledge. 
(End of Series) 
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* Pygmies in size, but giants in achievement are WILCo 
Thermometals (thermostatic bimetals) and WiLco Elec- 
trical Contacts. 

* Either paired with the correct WiLco Thermometal, 
or used alone, WiLco Aeralloy Aircraft Magneto Con- 
tacts are doing their part to assure smooth airplane 
performance. Other Wi co Electrical Contacts are 
giving equally dependable service in tank, ship and gun 
applications. 

* Witco Thermometals. either separately cr in con- 
junction with WiLco Electrical Contacts, are being used 
with the same success for aircraft oil temperature con- 
trol and in various instruments for the Army and Navy. 


Botu AVAILABLE From ONE SOURCE 


* The facilities of Tue H. A. WiLtson COMPANY permit 
manufacturing customers to secure both electrical con- 
tacts and thermostatic bimetal from a single source. 
This is important because materials from these two 
groups are frequently used in conjunction, as parts in 
the same device. The most effective use of one necessi- 
tates a knowledge of the other. WILCco sales and engi- 
neering representatives are familiar with both Electrical 
Contact and THERMOMETAL application. Send us your 
problem for analysis. 
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Substitutions Widen Design 
Horizons 


(Concluded from Page 132) 


in finding a substitute which, as it turns out, is likely to 
be permanent. Formerly, an aluminum sand casting was 
used for the drum in this head. Subsequently a Change 
was made to an aluminum permanent mold casting, with 
resultant savings in metal and machining time. More pe. 

cently a switch was made to bakelite, the drum being te. 
GusHeER designed with ribs extending down the inside and with, 

piece of fiberboard at the bottom of a side slot to provide 


COOLANT PUMPS reinforcement. Castellations at the top of the drum wer 
ARE ON THE JOB similarly reinforced with interior ribs. 


A handwheel on the same company’s lathes also hys 









The copious, dependable flow of been changed over from an aluminum casting to compo- 
coolant supplied by Gusher Coolant sition hard rubber reinforced with a steel spider welded 
Pumps helps your skilled workmen to a steel hub machined from bar stock. Development of 





and machines produce more. - : : : 
P ore. Re a plastic with about the same shrinkage factor as com. 


position rubber may make possible a switch to this new 
material without changing molds. Previously, such a 
change could not have been made without making new 


duces wear and tear on tools. 


No metal-to-metal contact . . . not 





injured by small chips and grit .. . 


simple in design, Gusher Coolant 
molds. 


Pumps are the favorites of plant ; ; : 
A sample of a type of substitution familiar to most de. 


superintendents and workmen. 
signers is the rotors for the Aridifier made by the Logan 
There’s a Gusher to meet oi : ' 


your sejuinmante, Welie Engineering Co., Chicago, for removing condensed mois- 


ture, oil and other foreign matter from compressed air and 
THE RUTH MAN MACHINERY Co. gas lines. These rotors, formerly cast aluminum, now ar 
1811 READING ROAD CINCINNATI, OHIO molded from a phenol formaldehyde compound in one 
MME LARGEST EXCLUSIVE BUILDERS OF COOLANT PUMPS BMS = iece with a bronze insert in which the bearings are 
mounted. 

In considering the substitution of plastics for metals, it A lot « 
probably will be found that the type of plastic likely to perfor 
meet many design requirements is the resin-bonded, lam- hal 
inated composition with superior strength properties which : 
already is being used for such purposes as marine bear- WA-E 
ings, gears, piston rings and pump valves. Fig. 9 illus- Witl 


754 WONDER Gy, ie 






You've Forgotten to make By trates such an application, a fan blade. limitles 
Provision for EASY T Incidentally, considerable significance is attached to 
the request receivel bv one machine tool builder from F CO™pa 


Be DY-NAMIC BALANCING 


Dy-Namic Balancing has be- 
come a “must”, in modern design 
in order to eliminate destructive, 


a customer in the last few weeks to tool up several ma — the tin 
chines for turning out screw machine parts from extruded oo 
plastic bars. These will be used in place of molded : 


costly, couple-force vibrations that a ial dl oie similar 

cause excessive wear and frequent need for plastic and metal parts, F ; 
adjustment and repairs. Today, many pes Sight should not be lost of the possibilities for glass. W-A 
contracts specify that rotating bodies must be f sai ee Sree: al produc- 

. . . or which th nited States now has an annual produ , 

in Dy-Namic Balance. Tomorrow—no machine . ch e U dS I of a tu; 
will be considered modern, unless its tive capacity of some 6,000,000 tons. Containers repre en 

quire 


UW RE ESS > 


rotating parts are Dy-Namically Balanced. 
On every machine you design, provide 
a place where necessary adjustments 
can be made to effect Dy-Namic Balance. 


sent the principal outlet but it also may be had in vat 
ous bent shapes, polished flat sheets, shatterproof lamin handle 
tions and in the form of fiber for insulation and othet single 
























purposes. — 

handle 

Send for Free Data Folder describing 4 

new Bear Precision Dy-Namic Balanc- precise 
ing that is Faster, Lower Cost, Easier THERMOPLASTICS for forming light metals are 
to O te. - . S = ’ 
enki at Bear Engineering De- being used in one of California’s plants. A large 14, 
partment for suggestions on how to 000-pound die for forming an important section of wat 
pares He Ceres Steering plane’s aluminum-alloy “skin” was recently received, 
the design. Write Bear Mfg. Co., ‘ ni, : “. forming 

Ind. Div., Dept. MD, Rock Island, Ill. with a rush order for casting a new plastic tor , J 

punch to match. By next morning the company ha Oe 

DY-NAMIC BALANCING produced a punch from its plastic ready for immedi- > 
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W-A-B Remote Control Syst these hobbles off. The basic operating principle provides graduated 
With W-A-B Controls, y; govern an almost pressures that cushion equipment against shock, and 

limitless variety of multipl ns from one small, prevents error by the operator in the speed or the 

compact station. These sy, ork every time—all order of sequence operations. 

the time. They eliminate ck-lash and overrun. Whether you are concerned with production or with 

They make connecting vers, bell-cranks and product improvement, it will pay you to check your 






similar devices unneces control needs against the advantages that W-°A-B 


W-A-B Control Syst 


of a tug, yet can exert 








ond to a touch instead Remote Control Systems offer. In many cases, problems 
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Detroit and Michigan area. Mr. Streicher has heretofore rep- 
USINE SS A N D resented the company in Chicago. 


* 
Two appointments have been announced by Norma-Heffman, 
S A LES B RIEFS Bearings Corp., Stamford, Conn.—that of Frank Ll. Wright 
formerly chief metallurgist, to the position of manager of f. 
search; and Warren D. Anderson, for over five years a men- 


ber of the company’s engineering staff, to assistant to the chief 


ME , , WwW ¢ Tic s f fr ses <¢ afte ° " ’ — 
peep IED to develop new materials for war uses and after engineer for the firm. Mr. Wright has been connected kee 


the war, and to extend the wartime usage of present mate- ' : ; 
' pene te . r ag I di ” Norma-Hoffmann for eleven years. 
rials and facilities is a new service and development division ‘ 


by Dow Chemical Co. D. K. Ballman will head the new divi- a ; ; 
James G. Gammel, formerly industrial brush representatiy, 


sion, which will be headquartered in Midland, Mich. Assisting ; a , pugs 
in the New England territory for Osborn Mfg. Co., Cleveland 


Mr. Ballman will be a group of experts selected for their 


; ; ‘ as has been appointed technical assistant in brush engineering 
technical knowledge of the company’s materials and_ specific PE aa ee ae. 


service at the home office, assisting G. O. Rowland who js 


industries. ge : ; : 
‘ chief of the War Production Board’s industrial brush unit. 
. 

Formerly group leader in charge of research and chemical For the past four years Cleveland district representative. 
development, Dr. J. J. Pyle has been appointed chemist in John W. Thompson, has been appointed assistant manager of 
charge of the plastics laboratory at General Electric Co., suc- alloy steel sales for Carpenter Steel Co., Reading, Pa. Mr 

. . , : escail ee oe ae saa ‘ , : * ee , 
ceeding Dr. G. F. D’Alelio who resigned from the company. Thompson will work out of the main office at Reading. 
J. W. Underwood will assist Dr. Pyle. ° 
+ Aircraft parts will be manufactured in the plant addition 


being made to buildings of Moore Drop Forging Co., Spring- 


To serve as an adjunct to the Meriden plant of New De- me 
field, Mass. 


parture division, General Motors Corp., a new plant will be 
operated in Guilford, Conn., for the production of instrument 
bearings. Francis B. Wasley, who has been in charge of 
the New York office, will manage the new plant. 


+ 
Westinghouse Electric & Mfg. Co. has established a group of 
electronic engineers who will guide and direct the industrial, 
central station and transportation electronic applications. This 


. new central organization will supplement the company’s pres- 

George H. Adams, executive vice president and sales director ent electronic divisions with specialized activity. Centraliza- 
of The Bunting Brass & Bronze Co., announces that William tion is intended to accomplish three primary objectives: First, 
T. Streicher has been placed in charge of bearing sales in the to expedite present wartime applications of electronics; second, 





Centrifugal Bronze Castings by SHENANGO-PENN 


® Centrifugal casting is a process that assures castings | complete machining facilities are an added advantage. 
of uniform density and greater strength . . . castings 
that deliver long trouble-free service. As practised by 


Shenango-Penn, the castings are of highest quality— 
they can be relied upon for exacting and uninterrupted For Marine Service Products . ; = ask for Bulletin No. 142 


performance. For contractors in war industries our _ For General Industrial Uses . . . ask for Bulletin No. 141 


ALL BRONZES * MONEL METAL * ALLOY IRONS 


Write for these bulletins today. They describe 
our products, alloys and facilities in complete detail. 













Bearings ¢ Bushings 
Pump and Cylinder Linings 
Propeller Shaft Sleeves 







SHENANGO-PENN MOLD COMPANY 


1205 W. THIRD ST., DOVER, OHIO 
Executive Offices: Pittsburgh, Pa. 
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VERNIER LEVER THROTTLE CONTROL UNIT 
FOR MICRO-FINE DUAL ENGINE SYNCHRONIZATION 


Quick, accurate and positive synchronization of twin motors is now possible 
with the Arens VLU-2 Control Box. Gives micrometer adjustment of dual 
engine throttle synchronization, and locks control for maximum engine per- 
formance. Installed on bridge and connected directly to engines by flexible 
remote control casings. A—shows two basic control levers; B—Vernier controls, 
providing micro-fine adjustment; C— Lock, which when pulled out, makes 
adjustment permanent; D—Flexible controls to port and starboard engines. 
Now being specified by many of America’s leading manufacturers, the Arens 
VLU-2 Control Unit is ready to solve your motor remote control problem. 


Arens invites your inquiry. 


ARENS CONTROLS, inc. 


2256 South Halsted Street » Chicago 





No. 220 Simplifies 
Difficult Installations 


For compact, easy, centrifugal pump installations, 
select Brown & Sharpe Motor Driven Centrifugal 
Pumps No. 220. Simply bolt pump in position, com- 
plete piping and connect current supply. Send for 
BS pump catalog showing complete line. Brown 

a & Sharpe Mfg. Co., Providence, R. |., U.S.A. 


BROWN & SHARPE 


PUMPS 
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We at Reliable are devoting all our 
energies to the production of vital 
springs of every type for aerial combat 
equipment, ordnance, ammunition, and other 
machinery of war. We are proud of our capable 
organization, and particularly of our many 
women workers who have stepped into the 
places of men entering the armed services. Of 
such is the stuff of Victory on the home front 
made. 

Yes, Victory is our business now—just as it is 
yours, whoever you are. The better, and the 
sooner, each Reliable spring fulfills its duty in 
our vast war program, so much nearer are we all 
to the day when peace again rules the world. 
When that time comes, Reliable finer springs 
stand ready to serve you as faithfully for the 
needs of peace as they have for those of war. 





Send us your specifications and drawings. 


THE RELIABLE SPRING & WIRE FORMS CO. 
3167 Fulton Road Cleveland, Ohio 


Representatives in Principal Cities 


YOU CAN RELY ON NITE 


Keliable Springs 
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Yes, Baldor Motors are marching 
along, shoulder to shoulder with the 
Army, Navy, Maritime Service and 
vital industry on the road to Victory. 





In no instance have Baldor Motors failed to 

come up to the exacting specifications for 

vital jobs where motors are required to run 
long hours at peak production. 


LOUIS 
Cities 


BALDOR ELECTRIC COMPANY, ST. 


District Offices in Principal 


























to be able to utilize to the fullest extent the present develop. 
ment for postwar applications; and third, to make immedizts. 
ly available to all other industries the developments found prac. 
tical in one industry. Gordon F. Jones and Carl .. Mads. 
will head the group. 


} 


° 


With headquarters at 10345 Linwood avenue. Detroit, Th, 
Detroit Electronic Laboratory has been formed for the ¢. 
velopment and manufacture of special-purpose electronic tubes 
Among these tubes is a line designed primarily for contr 
equipment for resistance welding. 


¢ 


Well known as a foundry expert, Dave M. Whyte has been 
appointed supervisor in charge of casting sales of the Cooper. 
Bessemer corporation’s two foundries, one at the Mt. Vemop, 
O., headquarters and the other at Grove City, Pa. Mr. Whyte 
has been connected with the company for twenty years. 


+ 


An application engineer for Westinghouse in the Spokane 
Wash., area since 1935, H. B. Hodgins has been appointed 
manager of this office. Mr. Hodgins joined the company jp 
1923 as a graduate student at East Pittsburgh and was soon 
transferred to the company’s San Francisco office whtre he re- 
mained until he started serving the Spokane area in 1935, 


¢ 


For twelve years Detroit representative of Lukens Steel Co, 
C. T. Hansen has been made Pacific coast sales representative 
of the company and its subsidiaries, By-Products Steel Corp, 
and Lukenweld Inc. The C. T. Hansen Co., of which Mr. 
Hansen is president, has opened offices in Los Angeles, San 
Francisco and Seattle, with Mr. Hansen in personal charge. 
Offices are located in Los Angeles 14, at 628 Security Title 
Insurance building, 530 West Sixth street; in San Francisco 4, 
at 423-24 Russ building, 235 Montgomery street; and in Seat- 
tle 1, at 6115-16-17 Arcade building, 1319 Second avenue. 


¢ 


According to a recent announcement, W. A. Mann has been 
appointed assistant manager, Industrial division, General Elee- 
His connection with the com- 
entered the test course 


tric’s central district, Chicago. 
pany goes back to 1923 when he 
there. 

7 


Metals Disintegrating Co., Elizabeth, N. J., has announced 
the appointment of Harold E. Hall as president of the com- 
pany. 

r 


Announced recently was the appointment of Fred J. Wood 
as district manager of Jessop Steel Co. Ltd., 530 Front street, 
west, Toronto. Mr. Wood has been connected with the com- 
pany’s Detroit office since 1942. 


¢ 


To be known as the Resin and Insulation Materials division, 
a new division has been formed by General Electric Co. as 
part of the Appliance and Merchandise department. With 
E. L. Feininger as manager, the new division will be respo™ 
sible for the manufacture, engineering and sales of insulating 
varnish, glyptal, varnished cloth and mica products. 


+ 


George M. Muschamp and Paul L. Goldstrohm have = 
appointed vice presidents of the Brown Instrument Co., Ph ‘ 
delphia. Mr. Muschamp has been with the company mi? 


P ; of 
engineering department for twelve years and in charge 
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FROM BUSINESS MACHINES 
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TO BOMB RELEASES 





y RELAYS “BD ¢ cuarRDIAN 


a \% 

* Instantly responsive ... accurate far beyond the limitations of human 
eyes and hands... "Relays by Guardian” served in peacetime as “nerve 
centers” for intricate business machines. Today, in wartime, they help guide 
the plane to the target and release the bombs in a predetermined pattern. 





The Series R Stepping Relay is typical of units used in aircraft and 
automatic business machines. It is’a versatile relay affording innumer- 
able circuit control combinations. The contact finger will zotate clockwise, 
counter-clockwise, or in both directions, and may be electrically reset. 
Four fingers may be used on a single disc relay or two fingers per disc 
if two discs are required. Standard power requirements are 29 volt- 
amperes on AC and 14 watts on DC. A request on your business letter- Series R Stepping Relay 
head for Series R Bulletin will bring you further information. 


GUARDIAN W ELECTRIC 


1601-H WEST WALNUT STREET CHICAGO, ILLINOIS 








A COMPLETE LINE OF RELAYS SERVING AMERICAN WAR INDUSTRY 


bo 
ga 
or 
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GILBARCO 
COOLANT 


PUMPS... 
DEPENDABLE... 
DURABLE 





MODEL CE 
Immersion Type 


@ One of a complete line of pumps for all machining 
operations. @ Built for twenty-four hours a day ser- 
vice. @ Instantaneous coolant delivery, self-priming, 
never becomes airbound. @ Does not build up pressure 
at slow speeds. @ Unharmed by abrasives in liquid— 
or by running dry. @ Built by one of the country’s 
largest pump manufacturers. 


Write or wire for literature, prices and deliveries. 


GILBERT & BARKER MFG. CO. 


WEST SPRINGFIELD, MASS. 


KINNEY>*o¢ CLUTCH 


KINNEY Dry Plate Disc Clutches transmit power from 
a Lister Diesel Engine for the above marine auxiliary 
equipment manufactured by Griffin Equipment & Supply 
Corp., New York City. By means of three KINNEY 
Clutches, this engine can independently operate generator, 
air compressor, bilge pump, emergency pump or other 
equipment. The new KINNEY Dry Plate Disc Clutches 
are ideal for connecting similar equipment, either di- 
rectly or through a countershaft, to internal combustion 
engines or electric motors can also be adapted as 
power take-off units. 
Let us know your clutch requirements. 


KINNEY MANUFACTURING CO. 


3569 Washington St., Boston, Mass. 








NEW YORK — CHICAGO — PHILADELPHIA — LOS ANGELES — SEATTLE 
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engineering for the past three years. He becomes vice op 
dent in charge of engineering. Mr. Goldstrohm has been 
nected with the organization for twenty years, and has been 
sistant general manager for the past two years. 

. 


Formerly vice president of Bundy Tubing Co. with wh 
he had been connected for fifteen years, E. Q. Smith has joi 
the Aga Metal Tube Co., Elizabeth, N. J. 


MEETINGS AND 
EXPOSITIONS 


Sept. 6-10— 
American Chemical Society. One-hundred-and-sixth meeting to } 
held at Minneapolis. Charles L. Parsons, Mills building, Washington, j 


secretary. 


Sept. 23-24— 

Society of Automotive Engineers Inc. National tractor meeting to 
held at the Schroeder hotel, Milwaukee. John A. C. Warner, 29 We 
Thirty-ninth street, New York, is secretary and general manager. 


Sept. 28-30— 

Association of Iron and Steel Engineers. Annual convention to 
held at Hotel William Penn, Pittsburgh. Brent Wiley, Empire buildin 
Pittsburgh, is managing director. 


Sept. 30-Oct. 2— 

Society of Automotive Engineers Inc. National aircraft engineeri 
and production meeting to be held at the Biltmore hotel, Los Angeles 
John A. C. Warner, 29 West Thirty-ninth street, New York, is sec 
tary and general manager. 


Oct. 5-7— 

National Safety Council. Meeting to be held at Sherman, LaSalle am 
Morrison hotels, Chicago. W. H. Cameron, 20 North Wacker dri 
Chicago, is secretary. 


Oct. 13-16— 

Electrochemical Society. Mecting to be held at Hotel Pennsylvani 
New York. Additional information may be obtained from C. G. Fink 
Columbia university, New York. 


Oct. 18-22— 

Society of Motion Picture Engineers. Meeting to be held in Hollywo 
Additional information may be obtained from Sylvan Harris, Ho 
Pennsylvania, New York. 


Oct. 18-23— 

American Welding Society. Twenty-fourth annual meeting to be held 
at Hotel Morrison, Chicago. M. M. Kelly, 33 West Thirty-ninth strety 
New York, is secretary. § 


Oct. 25-29— Y.. 
National Electric Manufacturers association, Annual meeting to be if, 
held at Waldorf-Astoria hotel, New York. Additional information mi ae 


be obtained from W. J. Donald, 155 East Forty-fourth street, New Y ( 
\ 


Nov. 15-16— 
American Institute of Chemical Engineers. Meeting to be held 


Pittsburgh. Additional information may be obtained from the Ame 
Institute of Chemical Engineers, 29 West Thirty-ninth street, New York. 


Ci 


Nov. 29-Dec. 3— 

American Society of Mechanical Engineers. Annual meeting to 
held in New York. C. E. Davies, 29 West Thirty-ninth street, New Yo "1 
is secretary. 


Dec. 6-L1— ; 
Exposition of Chemical Industries. Nineteenth exposition to be 7 , 
Madison Square Gardens, New York. Exposition under managem@s® 
International Exposition Co., Grand Central Palace, New York. Chi 
F. Roth is president. a 
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